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PREFACE. 



V '' Thb Oity and Guilds of London Institute for the Advance- 

v^ ment of Technical Education" haying, in the year 1880, 

^ issued a programme of instruction in various subjects, upon 

^ the basis of the system so well developed by the Government 

Q) Department of Science and Art, the author became enrolled 

as a teacher of Mechanical Engineering in connection with 
the Institute, and delivered a series of lectures in that 
subject at the City of London College. His efforts to render 
the course attractive and useful were fairly successful, as he 
was able to draw upon a very large collection of diagrams 
prepared for machine construction and other allied science 
subjects ; and these, supplying the ground work of the illus- 
trations, enabled him to devote some time to the preparation 
of others specially applicable to the circumstances of the 
case. However, the very abundance of the information 
proved in itself a drawback, as the majority of the students, 
coming totally unprepared by previous training for taking 
notes, and having but little aptitude for dealing with 
formulsd, or even for the classification of facts, were unable 
to assimilate the technical food placed before them. The 
first course of thirty lectures was illustrated by one hundred 
and fifty-five diagrams besides blackboard sketches, and yet 
embraced only the first four lines of the syllabus issued by 
the Committee, while so fieur from being exhaustive of that 
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portion of the subject, the author felt that he had merely 
been able to direct attention to some of the more important 
facts and principles. 

If students would give the matter a little consideration, it 
would be apparent to them that the teacher's work must of 
necessity be supplemented by a large amount of home work 
on their part. K they could only be sufficiently impressed 
with the fact that science cannot be absorbed, but must 
be leamtj the labour of teaching would be considerably 
lightened. 

The present work may be described as an effort to write 
out a part of the student's notes for him, in the hope that he 
will thereby be enabled to give a more undiyided attention 
to the illustrations and descriptions of mechanical details 
and operations put before him in the lectures. It is not 
intended in any way to supersede the ordinary text-books, 
but simply to supplement them in the form of a student's 
own notes, which should represent a summary of his reading 
and study. The notes are compiled from yarious sources ; in 
many cases the authority is giveUj in others the information 
is original or has been derived from sources of which no 
record has been kept. Although the text has been carefully 
read through, there are doubtless some errors which have 
escaped notice, and which the author will be glad to have 
pointed out. He will also be grateful for any suggestions 
from students or others with regard to increasing the 
efficiency of this as a Student's Notx Book. 

60, Queen Victobia Street, B.C. 
Ut October, 1883. 
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MECHANICAL ENGINEEKING. 



PAET I.— SECTION I. 
/' FUNDAMENTAL PKINCIPLES OF MECHANICS. 

1. FoROE AND Mattes. 

Motion is change of place. 

Force is that which produces or destroys motion, or which 
tends to produce or destroy it. 

Matter is tl^at which is the subject of motion or a tendency 
to motion. 

Forces in equilibrium are called pressures or reactions. 

Gravity is the attraction one body has for another, and, 
being proportional to the mass of the body, the attraction of 
the earth practically overwhelms all others. The direction 
of attraction is towards the centre of the mass, hence under 
the action of gravity all bodies tend to fall towards the 
centre of the earth. 

Centre of Gravity is that point in a body through which 
the resultant of the . gravities of its parts passes, in every 
position the body can assume. 

B 
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Accelerating Force of Gravity is the velocity imparted to 
bodies Mling near the surface of the earth, in lat. 45^ = 
82 • 169545 ft. per sec., say 32 • 2 = ^. 



2. Mass and Wmoht. 

Density is the quantity of matter in a unit of yolume. 

Ma88 is the quantity of matter in a body of any volume, 

/ W\ 

= density x magnitude ( also M = — i. 

Weight is the mass x force of gravity, which is only con* 
stant for one place, .*. W oc M g. 

Work = weight X space passed through vertically, or 
pressure exerted x space passed through in any direction. 

Momentum = mass x velocity. 

Moving Force^ or the moving quantity of a force, is the 
additional momentum which it communicates in each second 
to a body. 

3. Wore and Enebgy. 

A unit of work is the power expended when a pressure of 
1 lb. is exerted through a space of 1 foot. 

A foot-pound is the measure of one unit of work. 

A horae-power is the exertion of 33,000 units of work or 
foot-lbs. in the period of 1 minute. i 

Energy in mechanics means capacity for performing work, 
and is measured in foot-lbs. 

Potential energy is the product of the effort into the 
distance through which it is capable of acting. 

Actual energy, kinetic energy, or accumulated work of a 
moving body is the product of the mass of the body into 
half the square of its velocity, or the weight of the body into 
the height from which it must fall to acquire its actual 

velocity = (^— = -2^ J. 
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* 

Vis viva of a moving body is the product of the mass of 
the body into the square of its velocity, or double the actual 

energy (mi?2 = j. 

4. Inebtia and Momentttm. 

Inertia is resistance to communication of motion. 
Momentum is resistance to extinction of motion. 
They are equal to each other, and of opposite character. 
They are compared with Work by ascertaining A neces- 
sary to create the v under action of (/, and considering W as 

moved through ^, giving result in foot-lbs. = - —. 

In calculating the power exerted in moving a load, as a 
truck on a railway, we have the inertia overcome in reach- 

/Wv^\ 
ing the velocity attained ( — — j added to the work done 

transporting the load through the space passed over (W fi s). 
In coming to rest the inertia is given up again as momen- 
tum. The value of the momentum is irrespective of the 
distance in which the velocity was acquired; its effect 
depends entirely upon the distance in which it is expended. 

5. Equilibbium. 

May be stable, unstable, indifferent, or mixed. 

When a body is resting on another, in such a position that 
its centre of gravity is the lowest possible, it is in stable 
equilibrum : e. g. when vertically under the point upon 
which it is supported. When the highest possible, it is in 
unstable equilibrium: e.g. when vertically over point of 
support. When constant for any position, the equilibrium is 
indifferent: e. g. a sphere. When stable with regard to 
movement in one direction, and unstable or indifferent with 
regard to another direction, it is said to be in a position of 
mixed equilibrium : e. g. a cylinder lying on its side. 

B 2 
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6. Units employed m ENGiNEEBiNa CaiiOulatiohs. 

Dimensions in inches. 

Loads or forces in lbs. 

Stresses in lbs. per square inch. 

Fluid pressure in lbs. per square incb. 

Velocities and acceleratious in feet per second. 

Mechanical work in foot-lbs. 

Speeds of rotation in revolutions per minute, or in angular 
velocity per second. 

Statical moments (as bending and twisting moments) in 
inch-lbs. — Untmn*8 Machine Design. 

7. Fbenoh Measubes. 

1 Metre or 1 m. = 3' 3|" 

1 Decimetre or 1 dm. (very seldom used) = 3 j^" or nearly 
4 inches. 

1 Centimetre or 1 cm. or 1 c/m. = f ^" or say f " full. 

1 Millimetre or 1 mm. or 1 m/m. = ■^^" or about ^th of 
an inch. 

Millimetres per metre X *012 = inches to 1 foot. 



PAET I.— SECTION H. 

THE PROPERTIES OF MATERIALS USED IN ME- 
CHANICAL ENGINEERINa, WROUGHT IRON, STEEL, 
OAST IRON, BRASS, WOOD, ETC. 

8. Vabibties of Ibon. 

Wrought Iron, — Fibrous — Tough — Soft — Ductile at high 
temperatures, but not fluid— Welded at 1600° or 1600° F.— 
Easily oxidised — ^Forged, hammered, or rolled to various 
shapes — i^Contains very little carbon. 

Steel, — ^Fibrous to granular — Containing small amount of 
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carbon may be welded, and with more carbon may be cast — 
Can be forged — Very tough and strong — May be tempered — 
Special properties due to some extent to silicon — ^Used chiefly 
for tools. 

C(i8t Iron, — Crystalline — Brittle — Fluid at high tempera- 
tures — Takes complicated shapes by casting in a mould — 
Contains much carbon — The various qualities known as 
Nos. 1, 2, and 3. 
• Colours to represent them upon drawings : — 

Wrought iron Blue (Prussian blue). 

Steel Purple (Violet carmine). 

Cast iron Grey (Payne's grey). 

9. Eppbot op Cabbon in Ibon. * 



No. 


Name. 


Percentage of 
Carbon. 


Properties. 


1 


Malleable iron 


0-25 


Is not sensibly hardened by sudden 
cooling. 


2 


Steely iron .. 


0-35 


Can be slightly hardened by 
quenching. 


3 


Steel .. .. 


0-50 


Gives sparks with a flint when 
hardened. 


4 


» • • 


1-00 to 1-50 


Limits for steel of maximum hard- 
ness and tenacity. 


5 


»> 


1-75 


Superior limit of welding steel. 


6 


» 


1-80 


Very hard cast steel, forging with 
great difficulty. 


7 


» • • • • 


1-90 


Not malleable hot. 


8 


Cast iron 


2-00 


Lower limits of cast iron, cannot 
be hammered. 


9 


» • • • • 


6-00 


Highest carburetted compound ob- 
tainable. 



-Bauerman, 



10. Common Obbs op Ibon. 

Magnetic Oxide. 
Bed HsBmatite. 
Brown HaBmatite. 
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Spathose iron ore^ or iron glance. 
Clay Ironstone. 
Black Band Ironstone. 

11. Piq-Ibok. 

Hot-blast and Cold-blast. — ^Named from the temperature of 
the blast used in smelting the ores. Hot-blast generally 
quicker and more economical, but the metal is not considered 
to be so strong. Difficult to distinguish the two varieties, 
but, other circumstances being equal, hot-blast iron has 
rather a finer grain, duller fracture, with sometimes patches 
of coarse grains, and usually more impurities. Increasing 
the blast or reducing the supply of fuel makes the iron 
whiter, harder, and less suitable for re-melting, but better 
for conversion into wrought iron or steel. 

12. Classification of Pio-Ibon. 

Bessemer Iron, — A variety of pig-iron made from hsBma- 
tite ores for conversion into steel, very free from impu- 
rities. 

Foundry Iron, — All pig-iron having grey fracture and 
large proportion of uncombined carbon, produced under high 
temperature and full supply of fuel. 

Forge Iron, — ^White pig-iron, almost free from uncombined 
carbon, suitable for conversion into wrought iron, produced 
with low temperature or insufficient fuel, frequently run from 
blast furnace into iron moulds, rendering it brittle for ease 
in breaking up. 

13. Eefinino 

Is a combination of chemical and mechanical processes by 
which pig-iron is deprived of its impurities previously to its 
conversion into wrought iron. 
Befining consists simply of melting the pig-iron with coke 
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or cliarcoal in an open hearth or '* refinery furnace," supplied 
with an air blast so as to impinge on the melted metal and 
furnish an oxidising atmosphere. This carries off a portion 
of the carbon, and at the same time removes a portion of the 
impurities, particularly silicon, in the shape of slag. The 
melted metal, having lost some of its carbon, is then poured 
into a cast-iron trough kept cold by water, and the sudden 
chilling has the effect of converting soft grey iron into hard 
silvery-white metal, the carbon which formerly existed in the 
shape of graphite entering into perfect chemical combination. 
By this change the fluidity of the iron is reduced, and the 
subsequent puddling process facilitated. 

The loss of weight in refining crude iron averages 10 per 
cent., and the weekly production of a refinery furnace is from 
80 to 160 tons. 

14. FuBDLINa 

Is the process of obtaining wrought iron by burning the 
carbon out of cast iron. The oxygen of the air, at the high 
temperature employed, combines with the carbon to form' 
carbonic oxide gas, which escapes. In hand-puddling the 
mass is stirred about until it is of sufficient tenacity to be 
lifted out of the furnace; in Banks' rotary furnace the 
revolution of the furnace effects the same as the hand 
labour. 

If the operation be stopped before the carbon is all 
removed, puddled steel is obtained. 

15. Qualities op Weought Ibon. 

(a) Iron easily worked hot, and hard and strong when cold, 
used for rails. 

(h) Common iron, used for ships, bridges, and sometimes 
for shafting. 

(c) Single, double, and treble best iron, from Staffordshire 
and other parts where similar qualities are made. The single 
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or donble best is used for boilers. Double and treble best 
are used for forging. 

(d) Yorkshire iron, from Lowmoor, Bowling, or other forges 
where only fine qualities are made. The best Yorkshire iron 
is very reliable, and uniform in quality. It is used for tyres, 
for difficult forgings, for furnace plates exposed to great heat, 
for boiler plates which require flanging, &o. 

(e) Charcoal iron, very ductile and of best quality. 

— Unwin's Machine Design. 

16. Defeots in Wbought Ibon. 

Cold-shortness is produced by the presence of a small 
quantity of phosphorus as an impurity. The iron is brittle 
when cold, but of ordinary character when heated. It cracks 
if bent cold, but may be forged and welded at high tem- 
peratures. 

Bed-shortness is generally produced by the presence of 
sulphur, sometimes by arsenic, copper, and other impurities. 
The iron is tough when cold, but cannot be welded, and is 
difficult to forge at high temperatures. 

17. Casb-habdening. 

When polished wrought iron is heated to a cherry red and 
placed in contact with broken prussiate of potash, scraps of 
leather, &c., the surface is converted into steel by absorption 
of carbon, and is then hardened by quenching in water. The 
nitrogen in the mixture is supposed to play an important 
part. 

Other nitrogenous matters, such as bone-dust, horn, hoof 
and hide clippings, are often used. If heated with the mix- 
ture in a close box, the effect is greater. The case-hardening 
may extend to a depth of about -^ inch. The surface shows 
a mottled appearance before re-polishing. 
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This method of hardening is used largely for motion 
blocks, links, pins and eyes, and generally for small articles 
or portions of them which have to stand much friction. It is 
cheaper than using steel, but the tendency of the articles to 
crack and twist is an objection. 

18. Varieties op Steel. No. 1. 

Steel may be made by the addition of carbon to wrought 
iron, or the abstraction of carbon from cast iron; both 
methods are in use commercially. 

Blister Steel is produced by a process called cementation. 
Bars of purest wrought iron are placed in a furnace between 
layers of charcoal powder, and kept at a high temperature for 
from 5 to 14 days. The bars are now brittle, crystalline, 
and more or less covered with blisters. Small regular 
blisters and fine grain denote good quality. Used for facing 
hammers, &c., but not for edge tools; used largely for 
conversion into other kinds of steel. 

Spring Steel is blister steel heated to an orange-red colour, 
and rolled or hammered. 

19. Varieties op Steel. No. 2. 

Shear Steel is blister steel cut into short lengths, piled 
into faggots, sprinkled with sand and borax, and placed at 
welding heat under a tilt hammer. " Single " and " double " 
shear steel denotes the number of times this process is re- 
peated. Fibrous character now restored. Used for large 
knives, scythes, plane irons, shears, &c., frequently in con- 
junction with iron. 

Crudhle Coat Steel. — Originally made by melting fragments 
of blister steel in covered fireclay crucibles, and running 
into iron moulds. Now generally made direct from Swedish 
bars cut up and placed in crucibles, with small quantity of 
charcoal, with subsequent addition of spiegeleisen or oxide of 
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manganese. Variations on this process are known as Heath's 
and Mnshet's, also Tungsten steel, Chrome steel, &o. Forged 
at low heat, unweldable, fracture grey, crystals very minute. 

20. Yabieties of Steel. No. 3. 

Bessemer Steel, — Made from grey pig-iron containing a 
large proportion of free carbon, small quantity of silicon and 
manganese, free from sulphur and phosphorus. Iron melted 
in cupola, and run into a converter lined with fire-brick 
and suspended on hollow trunnions. Air blown through the 
metal about twenty minutes, removing all carbon ; 5 to 10 
per cent, spiegeleisen then added, and blowing resumed long 
enough to incorporate the two metals. Steel then run out 
into ladle and moulds. Ingots being porous are reheated 
and put under steam hammer, then rolled or worked as re- 
quired. Used for rails, tyres, common cutlery and tools, 
roofs, bridges, &c. 

Siemens Steel. — Pig-iron melted on furnace hearth ; good 
ore and limestone are then added and heat kept up, process 
resulting in carbonic acid gas, slag, aud steel. 

21. Vabietibs of Steel. No. 4. 

Siemens-Martin Steel, — ^Pig-iron melted in furnace, three 
or four times its weight of heated wrought-iron scrap or 
steel added, together with spiegeleisen or ferro-manganese, 
until required proportion of carbon, &c., is obtained, to give 
steel of requisite hardness ; then run into ingot moulds. 

Landore-Siemens Steel, — Iron ore is treated in a rotatory 
furnace with carbonaceous material, and converted into balls 
of malleable iron, which are transferred direct to steel-melting 
furnace. Spiegeleisen, &c., then added. The result is steel 
of very ductile quality, dense, and uniform in texture, and 
particularly suitable for replacing wrought-iron where in- 
creased strength is required, in addition to all the best 
properties of wrought iron. 
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22. Dannemoba Cast Steel. 



Carbon. 


Temper. 


Tools suited for 


Eemarks. 


percent. 








H 


Bazor 


Tuming and planing, drills, 


Great skill required 






&o. 


in forging, spoilt 
if overheated. 


U 


Tnming 


Turning, planing, and Plotting 
tools, arills, small cutters. 


Not weldable. 




tool. 








and taps. 


' 


H 


Pnnch 


Mill picks, circular cutters, 


May be welded with 


43 




taps, rimers, small shear- 


great care. 






blades, large turning-tools 








and drills, punches, and 








screwing dies. 




1 


Chisel 


Gold chisels, hot setts, medium- 
size shear-blades, large 
punches, large taps, miners' 
drills for granite. 


W ill weld with care. 


i 


Sett 


Cold setts, minting dies, large 


Will weld without 


O 




shear-blades, miners' drills; 


difficulty. 






smiths' tools, as sett ham- 








mers, swages, flatteners. 








fullers, &c. 




! 


Die 


Boiler-cups, snaps, hammers, 
stamping and pressino: dies, 
welding steel for plane-irons. 


Will weld like iron. 


• 




&c. 





23. Notes on Cast Ibon. 

Stronger in compression than wrought iron, but much 
weaker in tension. Not so safe as wrought iron when sub- 
jected to impact or suddenly applied loads. 

Used for complex parts of machines, because easier to 
mould in casting than wrought iron in forging. Principally 
for wheels, bed-plates, and framings. 

If thickness of different parts varies much, the castings 
will be strained in cooling. All edges should be well 
rounded and hollows filleted. 

Expands at moment of solidification in casting, but con- 
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tracts in cooling. Contraction varies with size and tMckness 
of casting, and quality of metal. 

24. Qualities of Cast Ibon. 

No. 1. Chrey. — Soft. Deficient in strength. Used for 
ordinary castings. Very fluid when melted. 0*6 to 1*5 
per cent, carbon chemically combined, 2*9 to 3*7 per cent, 
mechanically combined. 

No, 2. Mottled, — Variable hardness. Stronger than No. 1. 
Used for larger castings. More carbon chemically com- 
bined, and less mechanically. 

No, 3. White, — Hard. Fusible. Strong. Used for con- 
version into wrought iron. 3 to 5 per cent, of carbon all 
chemically combined. 

These varieties are mixed in various proportions for 
special purposes. — Unwin's Machine Design, 

25. Chilled and Malleable Cast Ibon. 

Chilled Cast Iron is ordinary cast iron rapidly cooled 
during solidification, by using a solid cast-iron mould pro- 
tected by a wash of loam, causing a chemical combination of 
the molten iron and carbon. Very hard. Fracture silvery. 
Direction of crystallisation strongly marked. 

Malleable Cast Iron is made by heating ordinary castings 
from two to forty hours, according to size, in contact with 
oxide of iron or powdered red haBmatite, causing partial 
conversion into wrought iron by abstraction of carbon. 

26. Toughened Cast Ibon. 

Toughened cast iron is produced by adding to the cast 
iron, and melting amongst it, from one-fourth to one-seventh 
of its weight of wrought-iron scrap, which removes some of 
the carbon from the cast iron, and causes an approximation 
to steel. — Notes on Building Construction, iii. 252. 
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27. COPPBB. 

Very malleable, and hence specially suited for hammering 
into thin hemispherical pans, rolling into sheets, &c., also 
ductile to a less degree. Eendered brittle by absorption of 
carbon, refined and toughened during manufacture, but may 
be spoilt again by careless manipulation. May be cast. 
Can be forged cold, or at red heat, but rapidly scales when 
hot. Addition of 2 to 4 per cent, of phosphorus improves 
its fluidity and tenacity. Used for fire-boxes, &c., because it 
is a good conductor of heat, but loses tenacity in proportion 
to its temperature. Much used in forming alloys. 

28. Alloys. 

Bronze is a mixture of (say) 10 copper, 1 tin. 

Brass is a mixture of (say) 2 copper, 1 zinc. 

Oun-Metcd is a mixture of copper, tin and zinc in various 
proportions, according to the hardness or toughness required : 
say 16 copper, 2 tin, 1 zinc. May be also called bronze. 

Muntz-Metal is a mixture of 3 copper, 2 zinc, and is there- 
fore a brass. 

29. Effect of Alloying with Coppeb. 

Tin increases the hardness, and whitens the colour 
through various shades of red, yellow, and grey. 

Zinc in small quantity increases fusibility without reduc- 
ing the hardness, in greater quantity increases malleability 
when cold, but entirely prevents forging when hot. 

Lead increases the ductility of brass, and makes alloy 
more suitable for turning, filing, &c. ; in large quantity 
causes brittleness. 

Phosphorus increases the fluidity and tenacity, reduces the 
effect of the atmosphere, and allows of tempering. 
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30. Bbonze Alloys. 



Name. 



Soft gun- metal 

Mathematical instruments 

Pumps (very tough) 

Small toothed wheels 

Locomotive bearings 

Engine bearings 

Locomotive straps and glands . . 
Hard gun-metal for bearings 

Baily's metal 

G. M. for heavy bearings 

Maximum hardness for bearings 

Hydraulic valve fetces 

Bell metal 

Speculum metal 



Gopper. 


Tin. 


16 


1 


12 


1 


32 


3 


10 


1 


64 


7 


112 


13 


130 


16 


8 


1 


32 


5 


32 


5 


5 


1 


4 


1 


4 or 3 


1 


2 


1 



Zinc. 



2 
1 



31. Brass Alloys. 



Name. 


Copper. 


Zinc. 


Tin. 


Lead. 


Tough for engine work 
For turning and fitting 

Yellow brass 

Stop oocks and valves . . 
Flanges for brazing 
Brass for soldering 

Brass, various 

Muntz-metal sheathing 

Do. locomotive tubes . . 
Nails for sheathing 

Statuary bronze 

Bed sheet brass 


100 

3 

2 
88 
32 

8 
60-92 

3 
66 
87 
90 
11 


15 

1 

1 
10 

1 

3 
8-40 

2 
33 

4 

5 

2 


15 

• • 

• • 

2 

m • 

i-3 

• • 

• • 

9 
2 


it 

m • 

•  

1 

• • 

i-3 

• • 

1 

• • 

• • 

• • 



32. Antimony Alloys. 



Name. 


Copper. 


Tin. 


Lead. 


Antimony. 


Bismuth. 


Babbitfs metal .. 

Do 

Expanding alloy . . 

Pewter 

Type metal .. .. 
White brass .. 

Do 


1 

1 

• • 

• • 

• • 

1 
3 


10 
24 

100 

• • 

90 


• • 

• • 

• . 

3to7 

7 

• • 


1 
2 
2 
17 
1 
7 
7 


• • 

• • 

1 

• • 

• • 

• • 

• • 
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33. Various Allots. 




Name. 


Copper. 


Tin. 


• Zinc 


Various. 


Pot or cock metal . . 
Oowper's metal 
Aluminium bronze 
Sterro-metal .. .. 
Gedge's metal 


5 

 • 
90 
60 
60 


• • 

2 

• • 

2 

• • 


• • 

• • 

• • 

35 
38-2 


2 lead. 

1 bismuth. 
10 aluminium. 

3 wrought iron. 
1*8 ,1 „ 



34. MBLTINa POINTS OF VARIOUS MbTALS. 

Wrought iron 3250° Fahr. 

Steel 3250 

Cast iron 2750 * 

Copper 2000 

Gun-metal 1900 

Yellow brass 1850 

Aluminium 1800 

Antimony 810 

Zinc 770 

Lead 620 

Bismuth 500 

Tin 440 



35. Weight of various Mbtals in pounds. 



Name. 



Gold .. .. 
Lead . . . . 
Copper 
Gun metal . . 
Brass .. .. 
Muntz metal 
gteel . . . . 
Wrought iron 
Tin .... 
Cast iron . . 
Zino . . . . 
Aluminium 



Cubic inch. 



70 
'41 
32 
►31 
•30 
•29 
•28 
•28 
•26 
•26 
•25 
'09 



Cubic foot. 



1203 
710 
555 
530 
525 
510 
490 
480 
460 
450 
435 
160 
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36. Use of Wood in Enoineebino. 

Pattem-mctking, — American yellow pine, New Zealand 
pine, mahogany, alder, sycamore. 

Bearings, — ^Lignimi yitad. 

Brake Blocks. — ^Willow, poplar. 

Buffer Beams. — Oak. 

Floats for Paddle-wheels. — ^Willow, American elm, English 
elm. 

Wheel Teeth. — Hornbeam, beech, holly, apple, oak if in 
damp place. 

Sluice Paddles. — Oak, greenheart. 

Joiners* Tools. — Beech, box. 

Shafts and Springs. — ^Ash, hickory, lancewood. 

Ordiruiry framing, piling^ dc. — Yellow deaL 

Carriage-building. — Teak. 

Fender and Bulbing pieces. — American elm. 

37. Fib, Deal, and Pine. 

Fir is a general term for wood used in the rough, as 
distinguished from 

Dealy a general term for wood wrought and used by the 
joiner. 

Pine is another general term used for even grained stuff 
suitable for panels. Also for pitch pine. 

Yellow deal and red deal are botanically classed as pine. 

White deal and spruce deal are botanically classed as fir. 

Deal is not a botanical term. 

Planks, deals, and battens, are trade terms for boards of 
certain widths, viz., planks 11 inches, deals 9 inches, battens 
4^ to 7 inches. 



NOTES IN MEGHANIOAIi ENGINEEBINa. 17 



PART L— SECTION III. 

THE BEHAVIOUR OP MATERIALS UNDER STRAIN; 
THE STRENGTH OF BEAMS, SHAFTS, BRACKETS, 
ETC. 

38. Classifioation of Stbains. 

Tendon Stretching or palling. 

Compression Crushing or pushing. 

Transverse Strain ,. .. Cross strain or bending. 

Torsion Twisting or wrenching. 

Shearing | Cutting, or when acting along 

I the grain of timber, detrusion. 

39. Definitions of Stbain and Stbess. 

Strain. — Every load which acts on a structure produces a 
change of form, which is termed the strain due to the load. 
The strain may be temporary or permanent, the former dis- 
appearing when the load is removed, the latter remaining as 
permanent set. 

Stress, — The molecular forces, or forces acting within the 
material of a structure, which are called into play by external 
forces, and which resist its deformation, are termed stresses. 
— Unwinds Machine Design, 

40. Testing Wrought Ieon.* 

The strength of a bar should be measured by the work 
done in producing rupture, i.e. the product of the elongation 
into the mean stress. A convenient approximation to relative 
toughness is obtained by observing the maximum stress and 
the elongation in a given length. The length formerly 
taken was 8 inches, but 6 J inches is now usually adopted, so 
that the increase of length in sixteenths of an inch will 

* See leaflet by the author on * The Behaviour of Materials under 
Strain.' 
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represent the elongation per cent The elongation being 
principally local, the percentage specified for a length of 
8 inches X \%% or 1*28, will give the proper percentage for 
a length of 6 inches. 

41. Faotob of Satett 

Is an amount fixed by practical experience, varying with 
the material nsed, and the manner of nsing. It is the ratio 
of- the greatest safe stress to the ultimate resistance of 
the material, such as ^, y^^ &c., and the calculated resistance 
of any section multiplied by the factor of safety suitable to 
the circumstances, will give the safe working load. 

42. Proof Stbbngth. 

It was formerly supposed that the proof strength of 
any material was the utmost strength consistent with perfect 
elasticity ; that is, the utmost stress which does not produce 
a permanent set, Mr. Hodgkinson, however, has proved that 
a set is produced in many cases by a stress perfectly consist- 
ent with safety. The determination of proof strength by ex- 
periment is now, therefore, a matter of some obscurity ; but it 
may be considered that the best test known is, the not producing 
an increasing set by repeated application. — BanJcine*s Applied 
Mechanics, 

43. Moments of Tsansvebsb Stbekoth. 

Moment of Load is the load multiplied by its effective 
leverage at the point required. The moment of a load 
divided by the depth of beam will give the horizontal strain 
on the extreme fibres in its upper and lower sides. 

Moment of Besistance in a beam is proportional to the 
area of the fibres multiplied by the squares of their 
distances from the neutral axis. 

Moment of Inertia is the sum of the moments of resistance 
in any given section. — Hurst, 
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44. Usual Allowanob fob Dead Load peb Squabb Inch 

Sectional Abea. 



Wrought Iron — 

Tension.. 

Compression.. 
Cast Iron — 

Tension . . 

Compression.. 
Steel — 

Tension . . 

Cpmpresbion.. 




Safe Load. 



5 tons. 



» 



1J„ 

7i n 



8 
12 



» 



45. Safe Load on Stbuctubes. 

Cast-iron columns .. ] 

Cast-iron girders for tanks [ = ^ breaking weight 

Wrought-iron structures ) 

Cast-iron for bridges and floors = ^ 

Stone and bricks = \ 

Timber = tV >» 

— Mclemoorth, 



j> 



n 



46. Safe Load on Floobs. 

Churches and public buildings, 1^ cwt. per square foot 

Warehouses 2^ „ „ 

Dwelling houses 1^ „ „ 



47. Weight of Men in Cbowds. 

Mr. Cowper found by experiment that a number of men 
averaged 140 lbs. per square foot. 

Mr. Parsey considers that men packed closely would weigh 
at least 112 lbs. per square foot, but that in ordinary crowds 
80 lbs. might be taken as sufficient. 

On the continent it is not usual to estimate so high. 

2 
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Belgians weigh abont 140 lbs. each, Frenchmen 1B6 Ihe*, 
while Englishmen weigh 160 lbs. 

Mr. F. Yotmg states 80 lbs. per sqnare foot is quite safe in 
practice. 

Mr. Thomas Page packed picked men on a weighbridge 
with a resnlt of 84 lbs. per foot super. 

Mr. G^rge Gordon Page says that for troops on march 
354 lbs. per sqnare foot is sufficient. 

The usual practice is to assume the live load as 100 lbs. per 
square foot. — A. T. Walmisley, 



48. Appboxihate Safe Load on Columns and Piebs. 

Oak post up to 10 diameters long, ^j^ tons per sq. in. 

Fir „ 
Cast-iron column ) 



» 



n 



9 



n 



91 



or stanchion 
Do. 
Do. 
Do. 
Do. 



J 



99 



10 to 15 
15 to 20 
20 to 25 
25 to 30 



99 
5> 



Hard York or Portland stone piers 

Stock brick in cement (if covered with! 
stone template J 

„ „ (without do.).. 



4 
3 
2 

12 
6 
4 



9f 
99 

J9 



99 



» 



» 



»» 
99 



foot super. 



>9 



9> 



49. Weight of Matebials fob Estim atino. 

Wrought iron 
Cast iron 
Gun metal 



Lead .. 

Greenheart 

Oak .. 

Fir .. 

Granite 

firamley Fall and Hard York 



480 lbs. per cub. ft. 
450 



525 

700 

60 

50 

40 

160 

140 



>9 



9> 
99 
9» 
99 
99 
9» 
99 



9) 



99 



99 



99 



99 



99 



99 
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60. Speoipioation Tests of Cast Ibok. 
(Bridge and Gibdeb Wobk.) 

Three bars cast in dry mould from eacli melting, 3 feet 6 
inches long, 2 inches deep, 1 inch wide ; 3 feet between bear- 
ings, to break with average of 30 cwt. in centre, or minimum of 
28 cwt., and to deflect not less than ^j/' with load of 25 cwt. 

Samples prepared in lathe to bear 2^ tons per square inch 
tensile strain before loss of elasticity, and to break with not 
less than 7 tons per square inch. 

51. Speoifioation Tests of Wbought Ibon (Bbidoe and 

Gibdeb Wobk). 





Tons 


Elongation* ' 


Contraction 


ClMB. 


per sqiutre inch. 


per cent, at 


per cent, at 




TenHlle Strength. 


Twenty Todb. 


Point of Fracture. 


Bivet iron 


25 


10 


30 


Bod and bar iron 


24 


7J 


20 


Angle and tee iron .. 


22 


6 


15 


Plates, with, grain .. 


21 


4i 


10 


Plates, a<*.roBS grain .. 


18 


• • 


5 



* In a length of 8 inches. 

52. SPEOiFioATioir Tests of Wbought Ibon (SniFBniLDiNa). 





Tons 


Elongation* 




CLuB. 


per square inch, 
Tenaile Strength. 


percent. 


Toughne8s.t 




on Fracture. 




Bivet iron 


26 


25 


650 


Bod and bar iron .. .. 


24 


15 


360 


Angle and tee iron . . 


22 


12i 


275 


Plates, with grain .. 


20 


n 


150 


Plates, across grain .. .. 


19 


6 


114 



* In a length of 6i inches. 

f Should the actual elongation in sixteenths of an inch, maltiplled by the stress in 
tons per square inch, upon rupture, be more than 10 per cent, under the amounts given 
in the last column, the iron will be rejected. 

Gold bending in vice — ^inch plate 35^, f -inch plate 55^, 
^inoh plate 68°, |-inch plate 70°, riyet iron to doable close, 
without cracking. 
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53. Desionxng Wbought Ibonwobk. 

Limits of ordinary prices, Staffordshire district. 

P;a(68.— Weight 5 cwt., length 15 feet» width 4 feet, 30 
feet snper, shape regular. 

Angle and Tee Irons, — ^Length 40 feet, size 2^ inches by 
2^ by 1^ up to 8 united inches. 

Bars. — (Bound and square), diameter ^ inch to 3 inches, 
length 25 feet. 

Barsi — (Flat), size 1 inch by ^ inch up to 6 inches by 
1 inch, length 25 feet. 

Clxtkland Distbict. 

PZa^.— Weight 12 cwt, length 21 feet, width 4 feet 
6 inches, shape regular. 



53*. COMPABATIYB STRENGTH OF IbON AND StESL PlATBS. 



QoaUfy. 


Ultimate Tensile Strength. 


Elongation per cent. 


With Grain. 


Across Grain. 


With Grain. 


Across Grain. 


Mild steel 
Best Yorkflhire 
B. B. Staffordshire 
B. „ 


80 
24 
22 
20 


28 
22 
19 
18 


20 

12 

9 

6 


18 
5 



54. Ultimatb Strength ov yabious Metals and Allots. 



Name. 



Aluminium bronae 
Phosphor bronze . . 

Muntz metal 

Malleable cast iron 
Copper (sheet and bolt) 

Copper (cast) 

Gun metal 

Brass 

Cast lead 

Zinc 

Tin .. . 



Tension, 
Tons per sq. in. 



25 

25 

20 

15 

15 

10 

12 

10 

6 

3 

2 



Compression. 
Tons per sq. in. 



45 



48 
5 
3 
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55. LmiT OF Elasticity. 

The maximum strain per square inch sectional area, which 
any material can undergo without receiving a visible perma- 
nent set, is called its limit of elasticity. 

The average limits of elasticity are — 
Wrought iron, 10 tons. Cast iron, 2 tons. Steel, 15 tons. 

And the average elongations under a strain of 1 ton per 
square inch are — 
Wrought iron tttwtt- Cast iron y^. Steel Tshnf* 

56. Modulus or Elasticity. 

A bar in tension or compression is elongated or shortened 
by an amount proportionate to the strain, within certain 
limits. Assuming the elongation, on increasing the strain, 
to continue in the same ratio, a certain point would be 
reached where the bar would be increased to twice its 
original length. The weight in lbs. per square inch sectional 
area of the bar, to produce this result, is the modulus of 
elasticity. The amount varies with the kind and quality of 
the material employed. 

67. Definitions of Modulus of Elasticity. 

The modulus of direct elasticity of a material is the ratio 
of the stress per unit of section of a bar, to the elongation or 
compression per unit of length, produced by the stress. — 
Unwinds Machine Design. 

It is the weight in lbs. that would stretch or compress a 
bar, having a sectional area of one square inch, by an amount 
equal to its own length, called Hooke's law. — CargilVs 
Strains. 

58. FOBMULA FOB ELONGATION BY ELASTICITY. 

M = Modulus of direct elasticity (see table). 
I = Length in inches. 
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w = Load per square inch sectional area in lbs. 
€ = Elongation in inches, 

69. MoDiTLi OF Elastioitt. 

In lbs. per sq. in. 

Cast steel, tempered 86,000,000 

Steel, ordinary 30,000,000 

Wrought-iron bar 29,000,000 

Ditto plate 26,000,000 

Cast iron ,. 18,000,000 

Copper 17,000,000 

Phosphor bronze 14,000,000 

Gun metal 10,000,000 

Brass 9,000,000 

Tin 6,000,000 

Lead 720,000 

60. Allowance m Bbidgbs fob Changbs of Tempb&atube. 

Variation of 16° F. alters length of wrought iron as much 
as strain of 1 ton per square inch. 

Li exposed situations an allowance of ^ of an inch moye- 
ment, per 100 feet length, is necessary for the purpose of 
eliminating the strains due to change of temperature. — 
Graham Smith, 

61. Besilienoe of Beams. 

The resistance of beams to transverse impact, or a sud- 
denly appUed load, is termed their resilience. It is simply 
proportional to the mass or weight of the beam, irrespec- 
tive of the length or the proportion between the depth and 
breadth. 

Thus, if a given beam break with a certain steady load, a 
similar beam of twice the length will break with half the 
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load applied in the same way ; but if the short beam be deflec- 
ted or broken by a certain falling load, the long beam will 
reqnire double the load dropped from the same height or the 
load dropped from twice the height, to produce the same 
effect. — Anderson^ 8 Strength of Materials, 

62. Eesilienob. 

BesiUence or Spring is the quantity of mechanical work re- 
quired to produce the proof- stress on a given piece of 
material, and is equal to the product of the proof strain or 
alteration of figure, into the mean load which acts during 
the production of that strain ; that is to say, in general, very 
nearly one half of the proof load. 

The Besilience or Spring of a Beam is the work performed 
in bending it to the proof deflection : — in other words, the 
energy of the greatest shock which the beam can bear with- 
out injury : such energy being expresi^ed by the product of a 
weight into the height from which it must fall to produce 
the shock in question. This, if the load be concentrated at 
or near one point, is the product of half the proof load into 
the proof deflection. — Bankine. 

63. Ultimatb Strength of Timber. 



Name. 



Aflh 

Beech 

Elm 

Bigafir 

Memel fiir 

Laich 

Honduias mahogany 

English oak 

Dantzio „ 

Canada „ 

Teak 

Pitch pine 



Tension, 
per square Inch 



C!ompre8Sion. 
per square indi. 
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64. Stbenoth and Stiffness of Timbbb. 



Name. 


£tiffnes8. 


Strength. 


Beellienoe. 


Ash .. .. 

Beech 

Riga fir 

Memelfir 

Larch 

Honduras mahogany . . 

English oak 

Dantzio „ 

Canada „ 

Teak 

Pitch pine 


89 

77 

98 

114 

79 

93 

100 

117 

114 

126 

73 


119 
103 

80 

80 
103 

96 
100 
107 

86 
109 

82 


160 

138 
64 
56 

134 
99 

100 
99 
64 
94 
92 



Oak being taken for comparison as = 100. 
65. Fbopobtions of Beams fob Stbength and Stiffness. 

Strongest Stiffest 



d:h:: ^2:1 



(2 : 6 : : V3 : 1 



Approximately for strength, <2 to & as 1 to * 7 ; and for stiff- 
ness as 1 to * 58 ; but 1 to * 5 is often used for beams, where 
the ends can be fixed sideways, because two can be cut out 
of a square log, and 1 to * 33 or three out of a square log 
when intermediate staying can be applied, as in joists. 



66. Apfboximate Fbopobtions of Beams. 



strength. 



Inctaes. 
12x8i 
10 X 

X 
X 
X 
X 
X 
X 
X 



9 
8 

7 
6 
5 
4 
3 



7 

6* 

5J 
5 

4* 
3i 
3 
2 



Stifihess. 



inches. 
12 X 7 
X 
X 
X 
X 
X 
X 
X 
X 



10 
9 
8 
7 
6 
5 
4 
3 



6 

5i 
4f 

4 

3J 
3 

2J 

If 



Ck)nvenlence. 



12 X 



9 
8 

7 



X 
X 
X 



4x 



inches. 

9 or 12 

10 X 5 
6 or 9 
6 or 8 
4ior7 

6x4 

5x3 

3 or 4 

3x2 



X6 



X 
X 
X 



4i 
4 

2 



X2i 
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67. Deflection and Cahbeb. 

Deflection is the displacement of any point in a loaded 
beam, from its position when the beam is unloaded. 

Camber is an upward curvature, similar and equal to the 
maximum calculated deflection, given to a beam or girder or 
some line in it, in order to ensure its horizontality when 
fully loaded. 

68. Deflection of Gibdebs. 

In girders with parallel flanges of uniform strength, the 
deflection produces a circular curve, the amount of deflection 
varies directly as the load x the sum of the areas of both 
flanges x the cube of the length, and inversely as the area 
of top flange x area of bottom flange X depth of web 
squared, or 

dtXObX d^ 

Common Bule. — Girders to be constructed with a camber 
of ^ to ^ inch per 10 feet of span, to allow for deflection 
when loaded. 

69. FOBMULA FOB DEFLECTION OP WrOUGHT-IBON FlANGED 

Gibdebs. 

Of uniform strength, supported at both ends, and carrying 
distributed load. Strain allowed = 5 tons per square inch 
tension, 4 tons per square inch comptession. 

8 = Span in feet. 

d = Mean depth in inches. 

A = Deflection in inches in centre. 

0144 «2 



A = 



d 



If depth = ^ span, A = -012 «, tV = '0144 «, tV = 
018 «. 
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70. Deflbotion of Beams. 

A = Deflection in inches. 

I = Length in feet. 

h = Breadth in inches. 

d = Depth in inches. 
W = Load in cwts. in centre. 

c = Constant = 

Steel 700 Quebec oak .. .. 40 

Wrought iron .. 500 Fir and deal .. 36 

Cast iron .. .. 350 Dantzic oak .. .. 30 

Teak 50 Pitch pine .. .. 26 

Bectangular beam — 

, rW ^ Ahd^c 



r PW ^ Aw ^« z^w 

d^^c ^ AOC Ac 

Square beam, side = v/ • 

^ Ac 

Cylindrical beam, diameter = \/ x 1*7. 

V Ac 

If load be uniformly distributed, deflection = f A. 
Cantilever with distributed load = A 6. 
Cantilever loaded at end = A 16. 

Safe deflection in timber = ^jy length, or ^ inch per 
foot span. 

71. Notes on Tobsion and Shaftzng. 

Torsion is measured by the load acting at 1 foot radius, 
which is required to fracture a specimen 1 inch diameter. 
Torsion is similar to shearing, and could be calculated as 
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sncb, but it is more conyenient to take it by leverage as 
above. 

Strength varies as — , stiffiiess as-y • 

To run smoothly, long shafting must not twist more than 
1° in 10 feet under maximum load. 

Long shafts are not designed in strict accordance with rule, 
as they would then be tapered from driving end, involving 
extra assortment of driving pulleys. 

Every alteration in diameter of a shaft, unless made at a 
coupling, must be made gradually by means of a curve at the 
junction of the two diameters. 

Factor of safety, long shafts less than 4^ inches diameter 
= -j^ ; short shafts and all over 4^ inches diameter = ^. 
Distance apart of supports in feet = 5 4^<P. Friction of 
ordinary shop shafting is about one horse-power per 100 
feet. 

72. Ultimate Torsional Strength of various Metals. 

Bound bars 1 inch diameter, load applied at 1 foot radius. 

Cast steel, average 1500 lbs. 
Mild steel, „ 1200 „ 

Wrought iron, „ 800 „ 
Cast iron, „ 700 „ 

Wrought copper, „ 400 „ 

73. Transmission of Power by Shafting. 

Strength of shaft to transmit power depends upon velocity : 
thus, shaft able to transmit 20 horse-power at 60 revolutions 
is sufficient for 60 horse-power at 180 revolutions. The ex- 
planation is, that the actual strain is the same in each case, 
the increase in horse-power being due to the increase in speed 
only. Power consists of pressure and velocity, and varies 
directly as the amount of each. 
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74. FoBMiJLA FOB Stbenoth OP Shaftino. 

W = B. W. in lbs. at 1 foot radios, of shaft 1 inch 

diameter. 
= Coefficient of safety. 
d = Diameter of shaft. 
I =. Leverage in feet. 
8 = Strain in lbs. at circumference of wheel. 



" V Wb 



8l _ W(P 

Wb * - "T ^ ''• 



75. Moleswobth's Fobmula fob Wbought-ibon 

Shaftino. 

D = Diameter of shaft in inches. 

{320 for crank shafts and prime movera 
200 for second motion shafts. 
100 for ordinary shafting. 
H = Actual horse-power to be transmitted. 
n = Number of revolutions per minute. 
I = Leverage in feet. 
/ = Force applied in lbs. at circumference of wheel. 

~ 33000 K ■' ~ 27rl^ 



33000H i,^^_^K I> = ^|^vK. 
27rZw V« ^ 33000 

76. Pboportions of Solid Wbought-ibon Flange Coupling 

ON SoBEW Shaft. 

Let d = diameter of shaft. Then there should be eight 
bolts,* each ^ ^2 in diameter, the diameter of circle passing 
through the centres being 1^ d. The flanges should be 2 (2 
in diameter and ^ d thick. — Unwin. 

* Six bolts are commonly used, up to 6 inches diameter of shaft. 
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77. Teansveesb Stbbngth of Shafts. 

Load distributed on wrought-iron crank pin or over- 
hanging journal in lbs., c = 1200. 
Ditto, concentrated on shaft supported at ends, c = 2400. 
Ditto, distributed „ „ „ c = 4800. 



Safe load = <5 -r 

V 



^ = </~ 



Forces may be taken to act at the centres of journals in 
cases where supports are not contiguous to journals. 



78. Proportions of Bolts, Whitworth Standard. 



Diameter of 

Bolt 
In inches. 



i 

8 

i 

2 
3 



Width of Nut 
over Angles, 

approz. 
= If diam. 






^ 



o 

< 



I 

a 



i 

n 

1 > 

2| 
3| 
51 



Width of Nut 
over Sides. 

approx. 
= li diam. 



I 



1 s 
fry 



2i 
3 

4J 



Diameter at 

top of 
Chamfering. 



1 1 

P 

2" 

2* 



Thickness of 
Head. 



t 



1* 

li 
2l 



No. 

of Threads 

per inch. 



12 
11 
10 

9 

8 

7 

6 

4i 
3* 



Thickness of nut = diameter of bolt. 

Depth of thread = pitch. 

Number square threads = ^ number V threads. 



79. Proportions of Bolts, Nuts, and Washers in 

Carpentry. • 



Thickness of nut 
head 



99 



= 1 diameter of bolt. 

= I 



Diameter of head or nut over sides = 1^ 
Side of square washer for fir .. =3^ 



99 



99 



99 



99 
99 
9S 
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Side of sqnare washer for oak .. =2^ diameter'of bolt. 

Thickness of washer = i » n 

When the nuts are let in flush in flr, the washers should 
be same size as for oak. 

80. Stbbnoth of Bolts. 

Bolts in machinery subject to varying loads should not be 
strained to more than 2 tons per square inch of minimum 
section. A bolt 1 inch diameter being -84 at bottoni of 
thread will take not more than (say) 2000 lbs., including 
initial strain in screwing up. 

Let d = outside diameter of thread in inches ; 2000 d^ = 
safe load in lbs. for 1-inch bolts and upwards ; 2000 ^ = 
safe load in lbs. for 1-inch bolts and under. 

The ordinary force used in screwing up bolts is liable to 
break a f -inch bolt and seriously injure a ^-inch bolt ; hence 
bolts for joints requiring to be tightly screwed up should not 
be less than | inch in diameter. 



81. Strength op Bolts (Unwin). 

Per sq. in. 
net area. 

Safe load = 6000 lbs. 



Bolts not requiring to be 
tightened before load is ap- 
plied 

Bolts accurately fitted 
and requiring to be tight- 
ened moderately 

Bolts used to draw joints 
steam tight and resist the 
pressure in addition 



= 4000 „ 



„ = 1600 to 2000 lbs. 



82. To SEOUBE Cheoe ob Look Nuts. 

Put on check nut (^ diameter of bolt in thickness) screw 
up as tight against flange or work as an ordinary nut would 
be screwed under the circumstances, then put on ordinary 
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thick nnt (1 diameter thick), screw it np with the same force 
and hold on to it with the spanner. Then with a thin 
spanner reverse the check nut against the other as far as if 
will go with about the same pressure as before. The check 
nut has then only the screwing-up force to resist, while the 
thick nut has in addition the strain which may be brought 
upon it by load or vibration. 

83. Cheoe Nuts. 

.... This loosening of a nut can be prevented by adding 
another nut, which must be screwed hard down upon the 
first, to increase the pressure upon the thread. — Willis' 
Mechanism. 

Note. — As described here, the second nut would only be 
equivalent to thickening the first nut, and would be useless 
as a check. . 



PAKT I.— SECTION IV. 

THE ACTION OF CHISELS, HAMMERS, PUNCHES, 
PLANES, SHEARS, DRILLS. 

84. Formula fob Falling Bodies. 

h = Height of fall in feet. H = Highest point reached in feet. 

V = Velocity in feet per second. T = Time to reach ditto. 

g = Force of gravity = 32 (ap- V = Velocity imparted otherwise 

proximately). than by gravity. 
t = Time of fall in seconds. 

Falling fix>m Best. Thrown Downward. 



t? 



,2 



v = gt = ^ = ^2gh v = Y + V2gh = Y + gt 

g V g gv 

D 
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Thrown TTpwird. 

^ ^ 2hg + y* + yv ^ ^ V 

85. Holtzapffbl's Clabsifioation of CurnNa Tools. 

Shearing tools act by dividing the material operated on into 
two parts, which separate from each other by sliding at the 
surface of separation. 

Paring tools cut a thin layer or strip called a shaving 
from the surface of the work, and thus produce a new 
surface. 

Scraping tools scrape away small particles from the 
surface of the work, thus correcting the small irregularities 
which may have been left by the paring tool. 

86. Angles of Tools. 
Angle of Tool. Speed of Cni 

For wood 80°-40° 8000 feet per minute. 

„ wrought iron 60° 16-20 „ „ 

„ cast iron .. 70° 1 10-15 „ „ 

„ brass .. .. 80 — „ „ 

Angle of reHef for aU tools, 5°-10°. 

87. Otitting Speed of Maohike Tools. 

Steel .. .. 12 feet per minute 
Cast iron .. 18 „ „ 

Brass .... 20 „ „ 

Wrought iron 24 „ „ 

Wood .. .. 2000 „ „ when material 

revolves. 
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Wood .. .. 3000 feet per minute when tool 

revolves. 
Grindstone .. 800 feet per minute. 

88. Speed of Maohinb Tools. 



On soft cast iron 


• a 


5 feet per minute. 


„ steel and hard ditto 


10 to 20 „ 


„ wrought iron 


• • 


16 to 25 


U UxOBB . • • • 


• • 


40 to 100 „ 


M TT \M/U • •  • 


• . 


300 to 2000 „ 
-Evers^ Applied Mechanics. 



89. Speed of Maohinb Tools. 

(Wrought iron, 20 feet per minute. 
Cast iron, 16 „ „ 

Cuts per inch, 16 to 80. 

For flat work — 

Speed in inches per second X 5 = speed 

in feet per minute. 
For small diameters — 

Diameter in inches x revolutions in 16 seconds = 

speed in feet per minute. 
For large diameters — 

Diar. in inches X 16 -i . a. 

a J — J — 1 i— 77 — = speed in ft. per min. 

Seconds for 1 revolution ^ ^ 

Cutting speed in feet per min. x 5 ...... •■ i 

Vt . r^ = sq. ft. tooled per hour. 

Cuts per inch ^ ^ 

— Engineering, 21st Nov. 1879. 

90. SHEABma Aia> PuNonma. 

Resistance to shearing of wrought iron averages 50,000 lbs. 
per square inch area of surface cut. This will be the pres- 
sure required on the material at the commencement of the 
stroke. 

D 2 
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The mechanical work in punching or shearing is estimated 
by Weisbach as this pressure exerted through ^th the thick- 
ness of the plate, and the coefficient or modulus of the 
machine as * 66, the friction being taken at 33 per cent, of 
the gross pressure. 

91. SHBABINa AND PuNOHING. 

Formula for calculating power required : 
t = Thickness of plate or bar. 
I = Length or circumference of cut. 
/ = Besistance of material to shearing. 
M = Modulus of machine, say • 66. 
P = Gross pressure in lbs. 

M 



P = 



92. Pekssube bequibed to Punch WBOUGHT-ntoN Plates. 

(From experiments). 
d, t P. c. 

To punch ^ hole in \ plate requires 2 J tons = 144 



Do. 


i , 


. i 


Do. 


3 


. 1 


Do. 


h , 


. i 


Do. 


6 

■g- > 


. % 


Do. 


i , 


> i 


Do. 


7 


. i 


Do. 


1 , 


, 1 



9> 



9) 



99 



99 



19 



99 



»» 



6i 


99 


104 


13 


99 


92 


22 


99. 


88 


m 


• 


86 


m 


99 


84 


62f 


»9 


82 


80 


9* 


80 



T = dxt X c. 

Approximately diam. X thickness x 88 = pressure in tons ; 
or, area of cut surface X 28 = ditto 

93. Laws of Fbiotion. 

The friction between two surfaces, dry or only slightly 
greasy, is in direct proportion to the force with which they 
are pressed together (within the limits of abrasion), and is 
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independent of the area of the surfaces in contact. With 
ample lubrication the friction is reduced, but the heavier the 
pressure per unit of surface the greater must be the consist- 
ency of the labricant, to prevent it from being squeezed 
out. 

The friction between two surfaces at rest is slightly 
greater than when they are in motion, but when in motion 
the friction is independent of the velocity so long as the 
surfaces are kept cool. 

94. Definitions op Fbiction. 

The Limiting angle of Besistance 4> is the angle through 
which any surface requires to be lifted from the horizontal to 
cause a body to be on the point of sliding (friction of rest) or 
to continue sliding (friction of motion). Its magnitude is 
fixed by the physical nature of the surfaces in contact. It is 
also the angle from the vertical made by the resultant of the 
force or forces acting upon a body when sliding is just about 
to take place or is taking place. 

The Coefficient of Friction fi is the ratio of the pressure 
P required to overcome the friction of a body on any given 
horizontal surface, to the whole load W of and on the body 

(/x = ;^ ]. Trigonometrically it is equal to the tangent of 

the limiting angle of resistance (ji = tangent ^). 

95. Mean Coefficients of Fbiotion. 

Wood on wood or metal— dry, • 4 to • 6 ; greasy, • 2 to • 4 ; 
lubricated, •! to '2. 

Metal on metal — ^wet, * 3 ; dry, * 2 ; greasy, * 15 ; lubricated, 
' 1 standing, or * 08 moving. 

Leather on metal, wet * 25, dry * 5. 

Friction of motion = friction of repose X '7. 

Friction varies with the nature of the surfaces, the lubri- 
cant, and the temperature. 
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96. Mobin's Ezpbbimentb ok Fbiotion of Motion. 

Dry— 

Wrought iron on brass ' 172 Brass on wrought iron * 161 
Cast „ „ -147 „ cast „ -217 

Greasy — 

Wrought „ „ '160 „ wrought „ -166 

Cast „' „ -132 „ cast „ -107 

LubriecUed mih dive oil — 

Wrought „ „ '078 „ wrought „ -072 

Cast „ „ -078 „ cast „ -077 

Oak upon elm dry = { of Motion of elm upon oak dry. 

Note. — ^These results reduced from General Morin's experi- 
ments appear to be very questionable, and indicate the neces- 
sity for further investigation. 



PAET L-^ECTION V. 

OPERATIONS OF TEMPERING, WELDING, RIVETING, 

CAULKING, &c. 

97. FoBGmG. 

Wrought iron at a red heat may be hammered into Yorious 
shapes, caUed '^ forging." When a piece is drawn dovm 
smaller it is called " swaging ; " if jumped up thicker, it is 
called " upsetting." Common iron is not suitable for forging, 
as the scale or slag in it causes cracks. Double and treble 
best Staffordshire and ordinary Yorkshire are suitable. The 
best Yorkshire is used for flanging and difficult forgings. 
Charcoal iron for light and complicated work. 

Steel may be forged gradually at a low heat. The greater 
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the proportion of carbon contained, the greater the difficulty 
of forging. All forging should proceed by easy stages, and 
care be taken not to bum the iron or steeL 

98. Welding 

Is the process of joining two pieces of wrought iron or 
Bteel by heating, and hammering them together. To weld 
iron the pieces must be brought to a white heat, and the 
scale swept ofif before they are put together. Steel requires 
a much lower heat, and the surfaces should be sprinkled with 
sand or borax. The welding temperature depends upon the 
amount of carbon contained: hence, the extra difficulty of 
welding two pieces of different composition. Mild steel 
approaches wrought iron in its welding qualities. Steel faces 
may with care be welded on to iron tools; shear steel is 
generally used for this purpose. 

99. TEMFEBma. 
Steel when heated to a cherry red, and suddenly cooled in 
water or oil, is rendered very hard. Some suppose that the 
carbon is caused to take the crystalline or diamond form. 
For tempering the hardened steel a portion is brightened 
with a piece of broken grindstone, and then reheated until 
the film of oxide formed on the surface shows the requisite 
temperature; it is then quenched in water, and the hard- 
ness is found to be '* let down '' to the ^ temper " required. 
Tempering was formerly considered to be the only true test 
of steel. 

100. OOLOUBS OOBBESPONDING TO TeMPEBATUBB. 



Deg. Fahr. 

Faint red 960 

Doll red 1290 

BrUliantred 1470 

Cherry red 1650 

Bright cherry zed .. .. 1830 



Deg. Fahr. 

Orange 2010 

Bright orange .. .. 2190 

White heat 2370 

Bright white heat.. .. 2550 

— Becquerd. 
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102. Notes on Eivbtbd Joints. 

Hard wrouglit iron is weakened from 15 to 30 per cent, 
by punching. 

In punched plates the small sides of the holes should come 
together. 

Drilled holes should have the edges chamfered. 

The tension in a rivet may be estimated at 21,000 lbs. per 
square inch of its section. 

Friction due to this tension would be about 7000 lbs. per 
square inch of rivet section. 

The usual diameter of rivets in hand riveting varies from 
^ inch to 1^ inch. 

In machine riveting they may be used up to 1^ inch 
diameter. 

Maximum efficiency of single riveted joint = f strength 
of plate. 

Maximum efficiency of double riveted joint = ^ strength 
of plate. 

103. Notes on Caulking. 

Caulking consists of burring up the inner edge of the 
plates in a joint by means of a tool like a flat-ended chisel, 
to prevent leakage in boilers, tanks, &c. 

Plates with rough sheared edges should be chipped even, 
to a slight bevel, before caulking. 

Joints appearing at all open should be closed by a flogging 
hammer before caulking. 

When the caulking is done on one side only, it should be 
upon the same side as the riveting. In best work the joints 
are caulked inside and out. 

When the lap exceeds three times diameter of rivet the 
caulking is apt to open the joint, unless done very lightly. 

104. CAULEiNa Tools. 
The caulking tool should be flat-ended and slightly 
bevelled, from \ inch to ^^ inch thick x 1 inch to 1^ inch 
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wide, with one edge square and the other rounded to prevent 
catting into the pkte. 

The rounded edge should be held next to the plate the 
first time of going along the joint, called splitting the lap, 
and afterwards reversed. 

The finished canlking shonld appear like a parallel groove 
about ^ inch deep x \ inch wide in a |-inch plate. 



PAET L— SECTION VI. 

TOOLS USED IN THE WORKSHOP, MACHINES USED 
FOR LABOUR-SAVING IN THE CONSTRUCTION OP 
SMALL MACHINERY, AS MILLING, STAMPING, AND 
SCREWING MACHINES. 

105. Workshop Tools 

Are divided into two classes, hand tools and machine tools. 
In the former are included hammers, chisels, files, ratchet 
braces, spanners, &c., and in the latter lathes, planing, 
shaping, drilling, and slotting machines, <&c., in the fitting 
shop; and punching and shearing machines, bending rolls, 
steam hammers, &c., in the smiths' shop. 

The machine tools are now mostly driven by steam power 
through shafting connected by belts. 

A workshop should be so arranged that the raw material 
coming in at one end should be received at the various tools 
in the order of the work to be done upon it, and be removed 
in a finished state at the other end. 
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PAET n. 

FOUNDING, MOULDING, AND PATTEBN-MAKING. 

106. Pattebn-maeino. 

Small patterns made of mahogany or New Zealand pine. 
Larger patterns made of white or yellow pine. Metal 
patterns nsed where a great number of similar castings are 
required. Wood patterns coated with red or black yamish, 
to prevent distortion from damp sand. 

Patterns shonld have ronnded edges, and filleted angles 
wherever possible. The thickness of metal throughout a 
casting should be as uniform as possible, changes of direction 
being avoided. Sharp comers in a casting are always weak. 
Sufficient taper must be given to draw out of the sand, and 
aUowance made for knocking to loosen in mould. 

107. MoULDINa IN FOUNDBT. 

Oree/^-^and Moulding, — Used for light iron castings, fire- 
bars, rough machine castings, &o. The ordinary damp sand 
of the foundry is used in iron boxes or " flasks " for receiv- 
ing impression from '^ patterns,'' the hollow parts being 
formed of baked sand *' cores." Long cores are supported 
by "chaplets," small and complicated cores are made of 
" loam." 

Dryland Moulding. — Used for ornamental ironwork, im- 
portant machine castings, and for casting in brass. The 
sand consists of fresh sand mixed with loam which has been 
used or of fresh sand only. When finished, the moulds are 
dried for several hours. ''Blackening" prevents sand 
melting. 

Loam Moulding. — ^Used for steam cylinders, bent pipes, 
and complicated work. The mould is often built up without 
patterns, and consists of brickwork coated with loam and 
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<< swept" to required shape by a "loam-board." Long 
straight cores are formed of iron pipe with haybands twisted 
on to hold the loam, and other cores of loam strengthened 
by bent '* core-irons." The loam is common brick-clay 
mixed with horse-dung, cow-hair, sand, &c. 

108. Sakd fob Moulding. 

Moulding Sand consists of 93 to 96 per cent, of sharp sand 
and 3 to 6 per cent, of clay. Quality varies for different 
castings. The smaller the castings, the more clay the sand 
jnay contain. Heavy castings require poorer and coarser 
sand. Coal and coke are used to make the sand more porous, 
makes the castings rougher, but by giving free vent to the 
gases makes them sounder. 

Parting Sand is the burnt sand scraped off castings, and is 
used to facilitate the division of the upper and lower boxes 
in moulding. 

Core Sand consists of 90 per cent, sharp sand and 10 per 
cent, of clay, and should be used fresh. 

109. FouNDBT Dbtino Stove. 

Brick chamber of three sides with arched top shut with 
close iron doors on fourth side. Size about 10 feet x 10 
feet X 7 feet high. Fire-place on one side, flue near 
ground on opposite side, fire fed through a door on outside, 
Iron shelves on walls for drying small cores and boxes. 
Bails run from crane into drying stove, so that large moulds 
may be wheeled in. Stoves of various sizes in large foun- 
dry, the larger ones only used when required for very large 
moulds. 

110. Gleaning Castings. 

Moulds taken apart and sand removed as soon as castings 
have set, castings taken out with tongs and left to cool, time 
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varying according to weight and mass. Gates and partings 
broken off, and heavy or hard cores removed in foundry 
before casting is cold. Projections removed in cleaning 
shop with chisel, sharp hammer, or worn-out file, and 
casting well brushed with steel wire brush. Holes stopped 
with black putty, cement, or lead, and castings painted with 
black wash. The scrap averages 25 per cent, of the castings, 
less on large work. 

111. Classifioation op Ibon Ores. 

Mr. Truran classifies the ores of Greafc Britain into four 
great divisions, thus : — 

A. The argillaceous ores of the coal formations, having 
clay, but sometimes silica, as the chief impurity. 

B. The carbonaceous ores of the coal formations, distin- 
guished by their large percentage of carbon. 

C. The calcareous or spathic ores, or the sparry carbon- 
ates of iron, having lime as their chief earthy admixture. 

D. The siliceous ores, having silica as their predominating 
earth. This class is subdivided into the red and brown 
hsBmatites, the ores of the oolitic formation, the white 
carbonates, and the magnetic oxides. 



112. Chabges employed at Dowlais fob biffebent 

KINDS OF PiG-IboN. 





Foundry Pig. 


White 
Forge Pig. 


Ck)inmon 
Forge Pig. 


Calcined " mine " (fresh ore) 

Bed hsBmatite ore 

Forge and refinery cinder . . 

Tiimestoue 

CJoal 


cwt. 

48 ' 

• • 

17 
50 


cwt. 
28 
10 
10 
L4 
42 


cwt. 

• • 

16 
25 
16 
86 






Weekly make . . . . 


130 tons. 


170 tons. 


190 tons. 
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118. Analtsib ov Pig-Ibok. 

Oarbon, partly combined, and partly ) 0.3 to 5'6 
in a graphitic form .. .. ' ) 



Silicon .. 
Manganese 
Sulphur .. 
Phosphoms 



•• 



0-13,, 5-7 
0-0 „7-6 
0-0 ,,0-87 
0-0 ,,1-66 



114. FOUNDBT Pia. 

No. 1 Pig iB chiefly used in the foundry. Colour dark 
grey, crystals large and leafy, carbon in form of graphite. 
Very soft, melts very fluid, but being coarse grained, will not 
give a sharp impression. Gools slowly. For fine castings 
the presence of a little phosphorus is advantageous: the 
grain is finer, the iron a lighter colour, and the impressions 
sharper. Used for small castings, hollow ware, small 
machinery, &c. 

No. 2 Pig, grey and mottled in colour. Used for large 
castings in dry sand or loam. Melts fluid, is tough, close 
texture, fills the mould well, more free from impurities than 
No. 1. Heavy machine castings made from No. 2, or 
various mixtures of 1, 2, and 3. 

No. 3 Pig, hard and white, used for mixing. 

115. MiXTUBES OF Pig-Ibon. 

Mixture recommended for girders, &c., where rigidity and 
strength are required :— 

Lowmoor, Yorkshire No. 3 .. .. 30 per cent. 
Blaina or Yorkshire No. 2 .. ..25 „ 
Shropshire or Derbyshire No. 3 .. 25 „ 
Good old cast scrap 20 „ 



100 
—Fairhaim. 
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116. Meltzng Metal fob Castings. 

Crtteibles are sometimes used for melting iron for trinkets 
and small goods. The best castings, whether iron, bronze, 
or other metal, for machine frames, bells, statnes, <&g., are 
made from a reverheratory furnace^ run directly from the 
furnace in dry sand ditches to the mould. The cupola has 
the advantage of melting iron cheaper than any other fur- 
nace ; where strength is unimportant, it is the best method. 



117. OONTBAOTION OF MeTALS IN OOOUNG. 





Contraction. 


MetaL 


In Fractions of Linear 
Dimensions. 


In Parts of an Inch 

per Foot of Linear 

Dimensions. 


Cast iron 

Gun metal 

Yellow brass 

Copper 

Zino and Tin 

Lead 




i 

i 

A 





118. Contbaotion of Castings. 

^ inch per foot 

in 15 inches. 

in 16 inches. 



Heavy pipes 

Girders, beams, &c 

Engine beams I 

Oonnecting rods I 

Large cylinders, say 70 inches 
diameter x 10 feet stroke, 
the contraction of diameter 

Ditto in length .. 

Small narrow wheels, about 

Large heavy wheels 

Thin brass 

Thick brass 



1 

■ff 


99 


i 


99 


1 


99 


i 


99 


i 


99 


^ 


99 


i 


99 

99 



= i 



99 



at top. 
at bottom. 

in 16 inches, 
per foot diam. 
or more „ 
in 9 inches, 
in 10 inches. 
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Zino and lead, each .. ,. = -^ inch per foot. 

Copper = A „ „ 

Bifimuth = A 9» " 

Tin .. ..... .....= i „ „ 

Pattern-makers oommonly allow for iron castings i inch 
per foot, and for brass castings ^ inch per foot« 

119. Bbonze and Brass Castings. 

Melted in crucibles, wasting prevented by covering surface 
with mixture of potash, soda and charcoal powder. Copper 
melted first, then tin, then zinc or antimony, then covering 
applied. Zinc is best added in form of brass, calculating 
the copper contained. Large strong castings require the 
metal exposed to fire in fluid state 8 or 10 hours, proof 
taken by small ladle and broken when cool, judged by 
crystallisation, and copper or tin added as required. Before 
casting, bronze is well stirred with heated iron rods. Brass 
made by melting together copper scraps, crude zinc or 
spelter, and charcoal powder, remelted for casting. 



PAET III. 

SHAFTING, GEARING, AND GENERAL MACHINERY. 

120. Tbansmission of Motion. 

"By rolling contact, as spur wheels and pinions, crownwheel 
and pinion, face wheel and lantern, bevil wheels, cones, rack 
and pinion, &c. 

By sliding contact, as inclined plane, wedge, cams, swash 
plate, crown wheel escapement, screw, &c. 

By wrapping contact, as cords and pulleys, belts and pulleys 
or riggers, speed pulleys, capstan, fusee of watch, &c. 

By link work, as levers, cranks, treadle of lathe, &c. 

— Tomkina* Machine Construction* 
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121. USEPUL WOBK AND EfFIOIBNOT. 

Useful work of a machine is that performed in producing 
the effect for which the machine is designed. 

Lost work is that performed in producing other effects. 

The ipower of a machine is the energy exerted, and the 
effect the useful work performed, in some interval of time of 
definite length. 

The efficiency of a machine is a fraction expressing the 
ratio of the usefal work to the whole work performed or 
energy expended. This ratio is also called the mx)dul'us or 
coefficient of the machine. 

The counter-efficieacy is the reciprocal of the efficiency^ 
and is the ratio in which the energy expended is greater than 
the useful work. — Bankme^s Applied Mechanics. 

122. Velocity Eatio. 

The velocity ratio in any machine is the proportion between 
the movement of the power and the movement of the re- 
sistance, in the same interval of time ; for example, in a 
punching press it may be 100 to 1 = i^^, and in a hydraulic 
crane 1 to 8 = -|. These proportions also express the 
amount of the resistance (including friction), compared with 
the power or pressure applied. (See definition of virtual 
velocity?) 

The term purchase of a machine is applied either to the 
motion or pressure of the resistance compared with the 
power; in above examples, the purchase of the punching 
press would be 100, that of the hydraulic crane 8, but the 
term is generally restricted to the gaining of pressure by the 
sacrifice of speed, as in the first case. 

123. Pbinoiplb op Virtual Velocities. 

If any machine without friction be in equilibrium and the 
whole be put in motion, the initial pressure P will be to the 
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final preBsore p as the final velocity Y is to the initial 
velocity r, or P : p : : V : «, or j> V = P ». 

. In practice, as all macbineB have Motion, jp will depend 
upon the friction, bnt Y will be in accordance with the 
calculation of the leverage or gearing. 

Let e = the final pressnre by experiment, then p — e 
= friction, and the coefi&cient or modulus of machine 

M=-^ 



124. Definitions of the Pbinoeplb of Yibtual 

yslooitieb. 

Bankine^s. — ^The effort and resistance are to each other 
inversely as the velocities, along their lines of action, of the 
points where they are applied. 

Tw%9den*8. — If a system of pressures, in equilibrium, act 
on any machine which receives any small displacement, 
consistent with the connection of the parts of the machine, 
the algebraical sum of the virtual moments of the pressure 
will equal zero. 

125. Angulab Yklooitt. 

The angular velocity of a wheel is the speed of a point in 
the circumference of an imaginary wheel with unity as 
radius, and making the same number of revolutions per 
minute as the given wheel. 

Yelocity is taken in feet per second. 
Bevolutions are taken at per minute. 

Circumferential velocity = — gx- = -qq- = * 10472 r n. 
Angubr velocity = ^^^i? * ig = ' ^^^^^ n. 
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126. Notes ok Belt Geabino (No. 1). 

Coefficient of friction between ordinary leather belting and 
cast-iron pnlleys or drams = *423. Ultimate strength 
of ordinary leather belting = 3086 lbs. per sq. in. Belts 
vary from -^ inch to ^ inch thick, average ^^^ inch. 

Breaking Strain. Safe Working Sfcrain. 

Through solid part .. 675 lbs. .. 225 lbs. per in. wide 
Through riveting .. 382 lbs. .. 127 „ „ „ 

Through lacing .. .. 210 lbs. .. 70 „ „ „ 

The working strength of the belt must be taken as that of 
its weakest part, which is the lacing. 

The tension of the driving side, which must not exceed 
the safe working strength of the belt = force transmitted 
+ mean normal tension. 

The force transmitted = the difference between the ten- 
sion of the driving side and the tension of the following 
side. — Welch's Designing Belt Gearing. 

127. Notes on Belt Gearing (No. 2). 

When the arc of contact = 180°, the force able to be 
transmitted may be taken as 50 lbs. per inch wide. If more 
or less than i circumference be embraced by belt, the force 
transmitted may be increased or reduced by about 2 * 8 lbs. for 
every 10° difference from 180°. 

The sum of the tensions, or cross strain on shafting, may 
be taken as 90 lbs. per inch wide. 

The lower side of a belt should be made the driving 
side when possible, so that the arc of contact may be 
increased by the sagging of the following side. The actual 
hoirse-power capable of being transmitted by a belt = 
•0015 X velocity in feet per min. X breadth in inches. 

To increase the capability for transmission of power, the 
diameters of the pulleys may be increased, retaining the 
same ratio, the increase of power being obtained by the 
increased velocity alone. 

B 2 
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138. Notes on Belt Geabino (No. 8). 
Approximate rule for width of single leather belt, say y\ 

V. ft per mm. 

For double belting take ^tha of width of an equivalent 
single belt. 

Wide belts are less eEFective per nnit of sectional area 
than narrow belts. Long belts are more effsctiTe than 
short belts. 

A belt should never exceed 18 inches wide. 

The velocity of lathe belts should be &om 25 to 3S feet 
per second, = 1600 to 2000 feet per minnte. 

Convexity of pulleys to receive belt = ^ inch per foot wide. 

The proportion between the diameters of two pnlleys 
working together should not exceed 6 to 1. 

Widdi of pulley = ^ more than belt. 

129. KOTSB ON BOPES. 

Italian hemp ropes are stronger than Bossian hemp. 

New white ropes are stronger and more pliable than 
tarred ropes, but the latter retain their strength for a longer 
period. 

Tarred ropes are stifE^ than white by about ^, and in 
cold weather somewhat more. 

Bopes which have been some time in nee ore more 
flexible than new ones ; the sti&ess of ropes increases after 
a little rest. 

Wet ropes, if small, are a little more flexible than dry ; if 
large, a little less flexible. Bopee shorten and swell when 
wetted. 

There is considerable loss of strength from strain, and 

[posure aflxr use, although a rope may appear perfectly 

lund. 

Bopes are usually measured by their circumference : hence 
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a 6-iiic1i rope is one 6 inches in circumference, or about 1|^ 
inch diameter. 

All ropes should be kept dry and free from lime. 

130. Stbbngth of Bopes. 

Ultimate strength of new white ropes is about 6000 lbs. per 
square inch sectional area, but good ropes may stand 1000 
lbs. per square inch. 

Double rope sHngs are not twice the strength of single 
rope, owing to inequality of strain ; but in a rope fall with 
sheaves in good order, each fold of the rope may be counted 
for the strength. 

The work absorbed in bending, a rope fall over a sheave 
varies with the size and quality of the rope, the diameter of 
the rope, the diameter of the sheave, and the tension in the 
rope. 

Include weight of running block in calculating load on 
fall, and both blocks together with the rope, in weight on 
strop. 

Snatch block makes practically no difference in lifting 
power, if it has a good lead* 

131. FobmuilB fob Stbbngth of Bqpbs. 

Breaking weight new rope, cwts. = circumference^ X 5. 
Safe load on „ „ = wt. lbs. per fath. x 3. 

B.W. new stretched rope in „ = (diameter in -|^ths)*. 
Safe load „ „ = wt. lbs. per fath. x ^• 

„ on new rope fall „ = circumference^ 
good -^ 



..... — 1 

Weight of clean dry rope per) . 

fathom, in lbs )^ * " 

Minimum diameter of sheave in) . ^ . » • 

inchea. |= circf. rope + 2 ms. 
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132. Stbength of Ohaiks. 



d = Diameter of Iron In Hha of an Inch. 



B.W. in tons, B.B. short-link crane chain 

„ „ ordinary chain 

„' „ ordinary chain (Anderson) 
Elswick t'^st in tons, 10 per cent. aboTe Ad-) 

miralty proof / 

Admiralty proof strain in tons 

Bafe load in tons (Molesworth, p. 215, eleventh^j^ 

edition) / 

Safe load at 5 tons per square inch sectional area 

„ in tons, common rule 

Maximum temporary load on good annealedl 

chain in cwts / 

Safe load, ordinary chain (Anderson), in tons. . 

„ for ordinary cranes, in cwts 

„ at 3 tons per square inch sectional area 

^ coal cranes, in cwts. 

„ old chain, quality and condition'^ 
unknown / 

Weight in lbs. per fathom, short-link crane chain 
„ „ ordinary „ 






— _i 






= 2cP 
= licP 

= i^i* 

= d« 

= rf* 
= 'SScP 



Example 
f CSialQ. 



tons cwts. 
18 
14 8 

13 10 

7 8} 

6 15 

4 10 

4 8^ 

3 12 

3 12 

3 7J 

2 14 
13 
5 



2 
2 



1 16 

36 
31} 



133. Remarks on Obane Chains. 

■^" B. B. tested short link crane chain (Grown S. 0.) 
shonld break with a load of 13 tons, if the iron bar from 
which it is made break with 26 tons per square inch 
ultimate stress; but a test piece of the chain 4 feet long 
breaks usually with a load of 9 to 10 tons, generally opening 
at the welds. Each chain is tested before use with a maxi- 
mum load of 4^ tons, examined link by* link and used on 
Hydraulic Coal Cranes to lift maximum gross load of 1^ tonB, 
examined again at frequent intervals and annealed; any 
links reduced by wear to ^ an inch at ends are condemned 
as worn out ; worn links cut out and remainder used down 
to same limit. A good chain, properly looked after, will 
make from 100,000 to 150,000 lifts before it is entirely worn 



NOTES m MEOHANIOAL ENGINEEBINa. 55 

ont. These chaiiis ocoasionally fail in use, although the 
flEU^tor of safety adopted allows so great a margin. 

134. Wheel Geabing, Manohestsb' Pitoh. 

Diametral pitch (Manchester pitch) == 

No. of teeth 

Diam. of pitch circle in ins. 



Oircular pitch = rr 



diametral pitch. 

or (tooth + space) in inishes. 
No. of teeth in wheel = diameter x diametral pitch. 

TV. . i* 1. 1 No. of teeth 
Diameter of wheel = -rr 



diametral pitch' 

Addition to diameter for increased No. of teeth = 

No. to be addded 
diametral pitch * 

2 

Outside diameter of wheel = ^r, :— i — rrr + 

diametral pitch 

diameter pitch circle. 

135. Notes on Toothed OEABma (No. 1). 

Pinions, wheels, and racks are made of cast iron, cast 
gteel, and malleable cast iron ; the latter is strong, but liable 
to twist or warp. Pinions are sometimes made of wrought 
iron ; small gearing is frequently made of gun metal. 

Gearing is increased in strength by shrouding or flanging 
up to pitch line. 

The comparative wear of gearing is inversely proportional 
to the number of teeth ; hence, pinions wear quicker than 
wheels. 

Two teeth on a pinion or wheel is the minimum number 
in gear at one time. 



56 NOTES IN HEOHAHIOAL ENaiNBERINO. 

The power capable of being transmitted by gearing 
depends, within reasonable limits, entirely upon the ^^eed ; 
the pressure (at pitch line) depends upon the pitchy 

136. Notes on Toothed OEAsma (No. 2). 

The transmission of the power strains the teeth as canti- 

h d* 
levers, or « = — =- c, e for cast iron safe load = 600. 

The working load should not exceed -^th of the breaking 
weight 

The dimensions of the teeth are proportional to the pitch ; 
hence, in ordinary proportions the strength is represented by 
p^ c, c for cast iron being 1000. 

The breadth of tooth on face beyond a certain amount, 
say twice the pitch, cannot be reckoned upon for strength, 
owing to irregularities in the teeth, and probability of 
unequal bearing. 

137. Stbength and Weight of Toothed Oeabino. 

Safe pressure in lbs. at pitch line on wheel teeth of average 
proportions : — 

Cast iron, little shock, = 625 x pitch^. 
moderate shock, = 400 X pitch^ 
excessive shock, = 277 x pitch*. 






The latter case also applies to the iron teeth of mortise 
wheels, which are made thinner than ordinary teeth of same 
pitch. 

Breadth of teeth = 2 to 2^ times pitch. 

The weight of toothed gearing in lbs. approximately, is 
for spur wheels • 38 w & p\ Bevil wheels • 325 nhp^. 
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138. FoBMULA FOB Stbength of GEABma. 

8 = Btrain in lbs. to be transmitted, calculated at pitch 

circle. 
p = pitch in inches. 

c = constant, when teeth of ordinary proportion = 



Material. 



Cast steel 
Wrought iron 
Malleable cast iron 
Gun metal . . . , 
Cast iron.. .. ., 



Plain. 



4000 
3000 
2000 
1500 
1000 



Shrouded. 



6000 
4500 
3000 
2000 
1500 



8 = jp*c. 



=vr 



For slow speeds and uniform pressure, c may be increased 
one-fourth. 



139. JOUBNALS FOB SHAFTS AND AXLES. 

Length of brass = * 9 to 1 * length of journal. 

Less liable to score in wearing, if slight end play can be 
given. 

Thickness and projection of collar and radius of curves = 
d^ d 
8*^6- 

Coefficient of friction, average * 08 = /ti. 

Work expended in friction in foot lbs. per min. = 

ft W^dB= -021 Wi E. 

Length of journal depends upon the load and speed, 
length being increased for high speeds. 

y W (60 + vel* ft- per min.) /t> x 
^ = ^ 70.000 r ^(^o-'Hor 

; = d (-004 B + 1) (Unwin). 
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Inoreaflmg diameter increases firiction, because the nibbing 
surface has further to travel in one revolntion. 

Increasing length does not affect the friction, becanse for 
a given space passed through, with a constant load, the 
friction is independent of surfekces in contact. 

When an overhanging journal is increased in length the 
diameter must also be incr^used slightly, to give same strength 

before, D = dl ^ — . Pressure on bearings per square 

inch longitudinal section may be = =7^-^^ j— 7 — r- but 

® "^ 60 + r. feet mm., 

must never exceed 1000, maTJmum say 800 in engines. 

140. Obdinaby Pbopobtiohs of Eets. 

1^ diam. of shaft up to 4 inches. 
\ „ 4 inches to 8 inches. 

^ „ 8 inches to 12 inches. 

Key square at thick end — 
One-third of thickness let in shaft, remainder in wheel. 

141i Pbopobtions of Cottebs thbouoh Babs. 

h = Breadth of cotter. 
i s Thickness of cotter. 
d = Diameter of bar. 

Through round bars, 

6 = 1-4636(1. t = i' 

6 

Through square bars, 

r 1 K -J iM. * side of bar 

D = 1 • 6 side of bar. ( = ^ 

4 

142. SOBXW-CUTTINO. 

Set of change wheels numbers 22 ; increasing by 6 teeth 
from 20 to 120, two being alike, generally 80 or 90. When 
26 in a set, the extra wheels are 180, 140, and 160. 
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Wheels of 10 and 15 teetli are supplied when the screw- 
cutting gear works the slide rest. 

Leading screw has usually 2, 3, or 4 threads per inch. 

leadinfiT screw 

Double train must always be used when — -. — r is less 

•^ screw required 

than ^, generally when less than i. 

143. SOBEW-CuTTINa. 

To find the wheels for any pitch. 

Single train — 

Threads per inch in leading screw _ driver 



Ditto in screw to be cut follower 

Double train — 

Threads leading screw _ driver driver 



Threads screw required follower follower 

144. Examples of Change Wheels fob Sobew-Cqttino. 

Single trains — 

Leading screw, 4 threads 4 5 _ 20 15 _ 60 

Bequired do., 7 „ 7 ^ 5 " 85'°' ^ 15 " 105 

Leading screw, 4 threads J^ _ 16 _1? _ 1?2. ?L- — 
Kequireddo. 2i „ 2$ "" 11 ^ lo " 110 '*"2 ~ 66 

Double trains — 

Leading screw, 4 threads 5x4 _5x4_50x40_ 60 X 80 
Eequireddo, {pitch 8 ~ 2 x 4 ~ 20 x 40 ~ 20 X 80 
Leading screw, 4 threads 4 __2x2_20x20_ 20 X 10 
Required do., 100 „ 100 "" 5 x 20 ~ 50 x 200 "" 60 X 100 

Trains to be used are shown in broad-faced type. 
Note. — ^Work out same with leading screw of three threads. 

145. Notes on Spiral Springs. 

Effectiye No. of coils = generally 2 less than apparent 
number, owing to flattening at ends for bases. 
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Stroke = effective nnmber of coils x compression or ex- 
tension of each coil. 

Pitch of spiral s diameter of steel in inches -j- twice com- 
pression of one coil under fnll load, bat coils may lie close 
when spring is for tension only. 

Diameter of coil = say 8 times diameter of steeL 

Working load may stretch each coil = ^ diameter of steel 
composing spring. 

To increase stroke add to the nnmber of coils. 

Spring in tension is more accurate for exact work than one 
in compression. 

Best form of section is circular, but square form is stronger, 
as 10 to 7. 

146. Spibal Spbikgs. 

Formula for strength and deflection. 

E = Compression or extension of one coil in inches. 
D = Diameter of coil in inches from centre to centre. 
d = Diameter or side of square of steel composing spring 

in i^ths of an inch. 
W = Weight applied in lbs. 

c = a constant found by experiment, which may be taken as 
22 for round steel and 30 for square steel. 

lyw 



E = 



d*c 



147. Spiral Springs, Banedtb's Formttla. 

d = diameter of wire in inches. 

c = coefficient of transverse elasticity of wire say 
10,500,000 to 12,000,000 for charcoal iron wire, 
and steel. 
r = radius to centre of wire in coil, 
n = effective number of coils. 
/ = greatest safe shearing stress, say 30,000. 
W = any load not exceeding greatest safe load. 
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V = corresponding extension or compression. 

W = greatest safe steady load. 
v' = greatest safe steady extension or compression. 

— = greatest safe sudden load. 

W^ cd* ^,^ '196/(?« ^,_ 12'566w/i^ 

t;"'64wr* r cd 

W 

Eatio — should be ascertained by direct experiment. 

— Bankine*8 Machinery and Millworh, 

148. DiFFBBBNTIAL PULLBT CALCULATIONS. 

T^ ly-d ^ ^ ^ W X (D-d ) 

M = modulus or eflaciency of machine, then W X M = 
actual load lifted. 

By experiment — 

Five cwt differential pulley block multiplying 16 to 1 , 

coefficient = * 4. 

30 cwt. differential pulley block multiplying 53 to 1, co- 
efficient = '25. 

Note.— Load will not lower by itself when M is less 

than *5. 

PAET IV. 

THE STEAM ENGINE. 

149. HOBSE-POWEB. 

Actual H.P. = 33,000 foot-lbs. per minute in all calculations, 

but the actual work of a horse is about 22,000 

foot-lbs. per minute. 
Nominal H.P. low-pressure engine (pressure 7 lbs. above 

atmosphere) 

= d in inches ' x V stroke in feet -4- 47. 
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Nominal H.P. high-pressnre engine (pressure 21 lbs. above 

atmosphere), 
= N.H.P. low pressure engine X 8. 

Do. Watt's rule for condensing engines, 

= (2* -r 28 (22 square inches piston per N.H.P.). 

Do. Watt's rule for high-pressure, 

= cJ* -4- 14 (11 square inches piston per N.H.P.). 

Admiralty N.n.P. = dins. X speed feet per min. -4- 6000. 

Indicated H.P. = mean p lbs. square inch, from indicator 
diagram x area of piston, (x No. of pistons) 
X speed in feet per minute -^ 83,000. 

Effective n.P. = actual H.P. of work done. 

Nominal H.P. = is a useless commercial term, now becoming 
obsolete. 

Boiler H.P. = cubic feet of water evaporated per hour. 

150. Stbam wobked Expaksiyelt. 

When cut off at any part of stroke as — ; 
Then its efficiency = 1 + hyp. log. n. 

Mean pressure =p X " X {1 + hyp. log. n). 

p 
Terminal pressure = - • 

All pressures are measured from perfect vacuum. 

Above formulsd assume theoretically perfect indicator 
diagrams and expansion according to Boyle and Marriott's 
law. 

151. Cbane and Piston Notes. 

a = Length of connecting rod. 
h = Length of crank. 

X = Distance of piston, from end of stroke furthest from 
crank, when point of maximum leverage is reached. 
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9iS = Distance of piston as before, when crank has made 
quarter revolution from dead centre. 

aj = (a + 6) - Va^ + 6* «' = (a + &) - Va^ - h\ 

These values divided respectively by 25 will give the 
proportion of stroke where these points occur. 

All the distances are measured from the end of stroke 
furthest from crank. 

152. Link Motions. 

Stephenson's. — ^Link curved, concave side towards eccen- 
. tries, shifted to vary position of motion block, block moving 
in direct line with slide rod, lead increasing towards mid- 
gear with open rods and decreasing with crossed rods. 

QoocKs. — ^Link curved, concave side towards spindle, 
maintained in central position by rod swinging on a stud, 
motion block shifted in link by radius rod connected to 
valve spindle, lead constant. 

Allan's, — ^Link straight, link and motion block moved in 
opposite directions by rocking shaft, lead increasing towards 
mid-gear with open rods, and decreasing with crossed rods. 

153. Notes on Calottlation of Engin]B Shafts. 

By law of virtual velocities, mean pressure on crank pin 

_o7r 2« d*m am 

= d^-r X w X 



4 " "^ 7r«~ 2 ■" 1-57' 

but the force being irregular, the maximum must be taken 
for the crank and fly wheel shaft ; say full pressure on piston 
acting at radius of crank, 

= — 7^ at radius -^ 

Beyond the fly-wheel — ^ may be substituted for • ^ -^ 
as the strain will there be practically uniform. 
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164. Calculation of Enginb Shafts. 

p = maximiiin boiler piessnre, lbs. per square inch. 

m = mean pressure in cylinder f* »» y, 

B =s stroke of piston in feet. 

d = diameter „ „ incbes, 

a = area „ ,, square incbes. 

/ = factor of safety. 

Hyde. 6Dg. and 
Steam engine. stm. winches. 

Wrougbt iron and steel . . ^ . . -^ 



Cast iron . . . . • • iV 
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k = ultimate strengtb, 1-incb bar, 1 foot radius. 

' Cast steel. Hild Bteel. Wronght iron. Cast iron. 

1250 1000 750 600 

e = constant or safe load = fh 

Steam engine .. 200 175 125 60 
Hydraulic engine, d;c. 125 100 75 40 

D = diameter of sbaft in incbes. 
For crank shaft : 



^"V4x2x/Xik W^Tc' 

And beyond fly-wbeel : 
D = V d^ X m X 8 _ 3 /d^ma 

V2x2x/xfc V^TT* 

For 2 cylinders, let diameter = D + • 15 D. 
For 3 cylinders „ „ = D + • 3 D. 

155. Stbength of Cbank Pin. 

p = uniformly distributed load in lbs. 
I = lengtb of journal in incbes. 
d = diameter of journal in incbes. 
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/ = greatest safe stress per square inch, 
say, wrought iron 6000 to 9000. 
steel .. .. 9000 to 13500. 
oast iron .. 3000 to 4500. 

pi 

-^ = greatest bending moment at fixed end of journal. 

jf 21 

M = g2 <^ = • 0982 d* = modulus of circular sec. = -j . 

I = m| =-^<^' X ^ d* = -0491 d* = moment of 
inertia of circular section. 

p=. 0982 d'4= 11964^=^^. 

3 / pl_ 3 /b-lpl 

^ = V~19647 V /~* 

156. Definitions belating to Sobew Pbopellebs. 

Length = A^ B^ measured along the axis of the shaft. 

Angle = P H, which is a plane triangle when developed. 

Pitch = The distance traversed on A^ B^ for one complete 
revolution of A^ P. 

Slip = The difference between the theoretical forward 
motion, calculated from the pitch of the screw, and the 
actual progress of the ship. 

Area = A^ P B, surface of blade in square feet 

Thread or Helix = Outer edge of blade, P. 

Diameter = Diameter of cylinder circumscribing the thread 
of screw. A* P = radius. 

157. Notes on Sobbw Pbopellebs. 

In the common form of propeller the screw surface is 
generated by a line perpendicular to the axis of the shaft 
revolving round the shaft and progressing uniformly along it. 

Screw surfaces are also generated by a line at right angles 
to a conical surface; in some cases the vertex of the cone 
points aft, and in others forward. In some the surface is 

F 
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traced ont by a line perpendicniar to a sphere. The object 
in Bnch cases being to diminish, if possible, centrif agal action 
of the water. 

Screws of same pitch have different angles if their 
diameters differ. Angle reducing as diameter increases. 

The screws are either right or left-handed, and may have 
two, three, or four bladea 

158. Slip of Screw Pbopelleb. 

Slip is less when pitch is small and speed great, but more 
danger from heated bearings. When pitch is small, the 
propeller is less liable to break from a blow. 

The slip is diminished, csBteris paribus, by 

1. Decreasing the angle of the screw. 

2. Increasing the diameter of the screw. 

3. Increasing the length of the screw. 

But the friction increases rapidly with the surface of the 
blade. 

The indicated horse power varies as the square of the 
speed of the ship X number of revolutions of screw X pitch. 

The most economical speed is when the vessel steams half 
as fast again as the opposing current, or half as fast again as 
a vessel it desires to overtake. 

159. Pitch of Sobew Pbopelleb. 

Ordinary propellers have the pitch uniform throughout 
each blade, the angle varying with the distance from the 
axis, originally known as Smith's propeller. 

Screws of increasing pitch are sometimes used, and known 
as Woodcroft's propeller. 

Propellers with two blades are common in large ships, but 
those with three or four blades are better when the draft is 
small or in a rough sea. 

Feathering-screws have the blades pivoted so that the 
angle, and thereby the pitch, may be altered. 

The pitch of a screw varies with the ratio of the circle 
described by the screw to the immersed midship section. 
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PAET V. 



BOILERS AND. BOILER FITTINGS. 

160. Sensible Hbat. 

The Tenvperature of a body is its state with regard to 
sensible heat. 

For purposes of measnrement some definite effect produced 
by heat must be selected, e. g. the alteration in length or 
volume of a substance which expands and contracts uniformly 
when heated or cooled. 

At all ordinary temperatures the ratio of increment in 
volume to increment in absolute temperature is practically 
constant in the case of mercury, it is moreover a liquid 
at such temperatures, and easily measured ; hence the Mercu- 
rial Thermometer is that most commonly used for determining 
the temperature of a body. 



161. COMPABISON OF ThEEMOMETBBS. 






No. of 

Degrees 

between 

Freezing 

and Boiling 

Point 
of Water. 


Absolnte 

Zero 
of Temper- 
ature. 


Freezing 

Point 
of Water. 


Point of 
maximum 

Density 
of Water. 


Boiling 

Point 

of Water. 


Great Britain and 

America : 
Fahrenheit = F. .. 

France and part of 

Continent : 
Centigrade = C. .. 

Germany : 
Reaumur — R. 


180 

J 00 
80 


-4 61-2 

-274 
-219-2 


32 





391 

4 
3-2 


212 

100 
80 



. • . 9° F. = 5° C. = 4° R. 

To convert from one scale to another, 

r°=9C° + 32, C° = f(F°— 32), R° = *(F°— 32) 
F° = fR° + 32, C° = $R^ E° = 



^C°. 



F 2 



\ 
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162. Traksfeb or Heat. 

Badiation of beat is the transfer wHch takes place between 
bodies at all distances apart, . in tbe same mani^er and 
according to tbe same laws as tbe radiation of ligbt. 

Conduction is tbe transfer of beat between two bodies, or 
parts of a body, wbicb tonob eacb otber. 

Convection^ or carrying of beat, means tbe transfer and 
diffusion of tbe state of beat in a fluid mass by means of the 
motion of tbe. particles of tbat mass. 

163. Meohanioal Equivalent or Heat. 

British Thermal Unit, or unit of beat, is tbe quantity of 
beat required to raise 1 lb. of pure water, at its point of 
maximum density (=39-1° F.), tbrougb V F. 

Joule* 8 Equivalent is tbe mecbanical effect resident in one 
tbermal unit = 772 foot-lbs. 

Wben tbe centigrade scale is used, tbe point of maximuni 
density of water will be 4° C, tbe tbermal unit tbe quantity 
of beat required to raise 1 lb. water tbrougb 1° C, and its 
mecbanical equivalent 1390 foot-lbs. 

164. Thebmodtnamios. 

First Law of Thermodynamics — Heat and mecbanical energy 
are mutually convertible ; and beat requires for its production, 
and produces by its disappearance, mecbanical energy in tbe 
proportion of 772 foot-lbs. for eacb Britisb unit of beat. 

Second Law of Thermodynamics. — ^If tbe total actual beat of 
a homogeneous and uniformly hot substance be conceived to 
be divided into any number of equal parts, the effects of 
these parts in causing work to be performed are equal. 

166. Capacity of Bodies fob Heat. 

Capacity for heat of a body is the number of units of heat 
required to raise one pound weight of tbe body one degree 
in temperature. 
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The Specific heat of a body is its capacity for heat com- 
pared with that of an equal weight of water. 

Latent heat is the heat absorbed or disengaged by a body 
without alteration of temperature, upon a change of state or 
alteration in the aggregation of its molecules. 

166. Latent and Sensible Heat. 

Dr. Black's theory of the latent and sensible heat of steam 
was that the stun of the two was constant at all temperatures. 

Begnault's experiments showed that the total heat was not 
constant, but increased slowly with increase of temperature, 
and was equal in F.^ to 

(Sensible temperature in F°. x. -305) + 1082. 

167. Oases and Yapoubs. 

Permanent ga^es are those which cannot be liquefied. 

Ordinary gases are those which do not liquefy at ordinary 
temperatures or pressures, and the farther they are removed 
from their point of liquefaction the nearer they approach the 
character of permanent gases. 

Vapours are gases near their point of liquefaction. Ordi- 
nary high or low pressure steam is a vapour, superheated 
steam is a gas. 

The temperature being constant, the volume of a gas is 
inversely as its pressure (Boyle's Law), 

When a gas is heated, the expansion is about ^1^ of its 
volume at 0° 0. for each ^ 0. increase of temperature. 

168. Atmosphebio Pbbssitbe. 

The weight of the atmosphere at 60^ Fahr. and 80 ins. 
barometric pressure is 14*6757 lbs. per square inch. 

No. of atmos. x * 006557 = tons per square inch. 

Absolute pressure is the pressure from zero, or the 
pressure of the atmosphere added to the indication of the 
pressure gauge, say gauge pressure + 15 lbs. 
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All questions of expansion and compression of steam 
must be worked from absolute pressure or perfect yacuum 
line of indicator diagram. 

169. Pbopebtixs or Satttbated Steam. 



Absolute 


Gauge 


Sensible 
Temper- 
ature. 


Latent 


Total 


Weight 

of 

Cub. Foot 


Relative 


Premire. 


Preasnre. 


Heat. 


Heat. 


Volume. 


14'7 


00 


212-0 


966-1 


1178-1 


•0380 


1642 


65 


50-3 


298-0 


906-3 


1204-3 


•1538 


405 


70 


65-3 


302-9 


902-9 


1205-8 


-1648 


378 


75 


60-3 


307-5 


899-7 


1207-2 


-1759 


353 


90 


75-3 


320-2 


890-9 


1211-1 


-2089 


298 


115 


100-3 


3380 


878 5 


1216-5 


•2628 


237 



170. Experiments on Evaporation in Boilers. 



Class. 



Cornish 
Lancashire 
Galloway 
Field .. 



• • • • 



Size. 



20 H.P. 

25 

35 



>» 



»» 



Lbs. Water 
per lb. Coal. 



6-764 
7-547 
9-5 
10-9 



Lbs. Coal 

per 

cub. foot Water. 



9-212 
8-256 
6-579 
5-734 



171. Evaporative Value at Different Temperatures. 

In stating the evaporative power of a boiler it is usual to 
express it in terms of feed-water evaporated from 212^ 
t = actual temperature of feed-water. 
T = total heat of steam under given pressure. 
c = cubic foot of water evaporated from <°. 
C = „ „ „ from. 212° by same 

quantity of heat. 
T — t = heat imparted. 

^ 966-1 
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172. Loss OP Heat m Boilers. 

Assuming that it requires 10 lbs. of coal to evaporate 
1 cubic foot of water from 60° into steam at 60 lbs. per 
square inch gauge pressure, the loss of heat may be shown, 
as follows, to be about 60 per cent : — 
Total heat of combustion in 1 lb. of coal in 
British thermal units = 14,700. 
14,700 units per lb. x 10 lbs. coal .. .. = 147,000 

Steam at 60 lbs. pressure has a total heat of 
1207 units, 1207 - 60° temp, of feed- 
water = 1147 units per lb. of water. 
1 cub. foot water = 62 • 5 lbs. 62-6x1147 = 71,687 

Loss in chimney, 24 lbs. air, required to bum 
1 lb. coal. 24 X 10 = 240 lbs. to bum 
10 lbs. coal. Specific heat of air — • 2374, 
temperature of escaping gases = 600°. 
240 X -2374 X 600 = 34,186 

Loss in hot ashes, fuel dropped through, &c., 

say 10 per cent, of total heat = 14,700 

Loss by radiation and conduction, say 10 per 

cent = 14,700 

Loss by imperfect combustion, say 7^ per cent. = 11 ,026 

146,297 



173. Heat in Boileb Fubnaces. 

(1) Temperature of furnace, say about 2600 °F. 

(2) „ of escaping gases, say 600 to 1200 °P. 

(3) „ steam and water in boiler, say 300 °F. 

(4) „ water in condenser, say 100 °F. 
Difference between (1) and (2) is absorbed by the water in 

raising its temperature, by the steam as latent heat, and by 
the air entering furnace in excess of quantity required for 
combustion. 
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Differenoe between (2) and (8) is ntilised in creating 
dranght ; 600° is the most economical temperature of escaping 
gases as it allows sufficient difference of temperature for 
rapid passage of heat to water, and the density is sufficiently 
reduced to give rapid ascending current in chimney shaft. 

Difference between (8) and (4) is utilised in the engine. 

The difference of temperature or quantity of sensible heat 
does not by itself represent the comparatiye efficiency. See 
article 172. 

174. Coal bubnt peb squabb foot of Fibb-obatb. 



Cornish boilers for pumping engines .. 

„ and others for factory uses 
Marine boilers, ordinary rates 
Boilers with strong chimney draught ., 
Locomotiyes 



176. COMBUSTIOK OF FuBL. 



lbs. per hour 


4 to 10 


10 


„15 


16 


,.20 


20 


„30 


60 


,,120 



Two to three lbs. oxygen = 120 to 180 cubic feet of air, 
required to bum 1 lb. of coal, or, assuming only f rds effective, 
180 to 270 cubic feet will be required. 

Air and smoke together equal about 2000 cubic feet per 
cubic foot water evaporated, temperature say 800° Fahr. 

Area of fire-grate = 1 square foot per N.fl.P. 

„ heating surface = 1 square yard per NJ3.P. 

Cubic feet evaporated per hour = N.H.P. of boiler. 

Steam space of boiler = quantity required for one revolu- 
tion of engine X 10. 

Water space = 5 to 10 cubic feet per N.H.P. 

Area of chimney in square inches = 

2 X 112 X N.H.P. or cubic foot per hour 

>/Height. 
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176. HOBSE-FOWEB OF BOILEBS. 

S = heating surface in square yards. 
g = grate surface in square feet. 

H.P = c{% + g) 

c = 1 for ordinary coaL 
i „ good steam coal. 
^ „ best coal only. 

— B. Armstrong, 

a = area in sq. ft. of water surface in boiler -f- horizontal 
sectional area of furnace tube in Cornish or Lancashire 
boiler. 



Plain oylindrical boiler . . . 



Cornish or Lancashire boiler . 



Gkdloway boiler 



Multitubular boiler 



Marine boiler (I.H.P. = 5 N.H.P. 



H.P. = 



a 
6 



6 to 8 

a 

4^ 



9 



5 to -8 



fS 



JtoiS 



VSflF 



'7^&g 



The average nun^ber of cubic feet water evaporated per hour 
from cold feed with ordinary firing and good steam coal, is 
generally taken as the nominal H.P. of boiler, but half a 
cubic foot is sufficient to develop 1 indicated H.P. in most' 
steam-engines. 

177. BOILEB FUBNAOES. 

With bituminous fuel the layer in the furnace should be 
about 6 inches thick, and should never exceed 12 inches. 
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Thin firing is more economical, but reqnires more carefal 
stoking. Fresh fuel shoold be put in front of the fire and 
the red*hot fuel pushed back, or should be spread thinly over 
the surface after the hollows are filled up. With coke or 
hard coal the fire may be thicker, especially if a blast be used. 
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178. Hbatino Subfaob of Boilbbs. 



ClMB. 


Proportion of 

Heating Surface to 

Grate Surface. 


Heatinfc Surface to 

Evaporation, 1 cubic 

foot per hour. 


Plain cylindrical 

GorQish and LancaBhire . . 

Mnltitubular 

Locomotiye 


10-16 to 1 
15-25 to 1 
30-40 to 1 
60-80 to 1 


square feet 
18 
14 

9 

6 



179. GOMPABATIVE YaLUB OF HsATINa SUBFAOES. 

Area of shell exposed to flame = 1. 

Horizontal area above flame = 1. 

Surface inclined towards flame = 1. 

Vertical surface = J. 

Sur&ce inclined from flame = 0. 

Horizontal surface below flame = 0. 
Internal cylindrical flues = ^ circumference. 

Small tubes s ^ „ 

180. Fibb-Babs 

Should not exceed 3 feet in length. Ordinary furnaces 
should not exceed 6 feet in length, the bars in two lengths. 
Dead-plate should be 9 to 15 inches wide. Fire-bars say 
8 feet long, 8 inches deep in middle, f inch thick at top, 
tapered to f inch thick at bottom ; bevelled one end to rest 
on dead-plate, to allow for expansion, and notched at other to 
rest on wrought iron bearer: if notched both ends there 
should be not less than 1-inch play. Chipping faces or dis- 
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tance pieces on bars should be made at both ends and middle. 
Air spaces between bars f inch to |- inch, usually ^ inch. The 
fire-grate should incline downwards towards the back, ^ inch 
to f inch per foot. Passage above bridge = one-sixth area 
of grate. Perforations in furnace door f inch to ^ inch 
diameter, total area from 2 to 5 square inches per square foot 
fire-grate. 

181. Boiler Tubes. 



Class of Boiler. 


Ratio, Length to 
Diameter. 


Ratio, Tube Area 
to Grate Area. 


Multitubular boilers, with chimney) 
draught \) 

Locomotive boilers 

Small marine boilers, with high-^ 
pressure engines / 

Large marine boilers, with condensing^ 
engines J 


24 to I 

120 to 1 

38 to 1 

20tol 


lto7 
lto4 
lto6 

lto3 



1 square foot of fire-box is equal to 3 square feet tube sur- 
face : ^ diameter should be left between the tubes for circu- 
lation and escape of steam. 

Heating surface of small tubes = f of circumference, of 
furnace tubes = ^ circumference. 



182. Tapeb of Plugs fob Boeleb-oooes. 

For pressures up to 30 lbs. per square inch, a taper of 1 
in 8 on each side is foand to work well, but for pressures 
of about 100 lbs. a taper of 1 in 12 is necessary to insure 
tightness. Say 1 in 10 minimum for pressure of 60 lbs. 

183. BoiLEB Seatings. 

With old form of wheel draft the boiler was set on a mid- 
feather: this is the worst possible arrangement. Should 
be set on fireclay blocks forming side walls, the resting 
surfaces not wider than ^\^th diameter of boiler. 
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Fines should be large enough for a man to pass entirely 
round, area should be kept as uniform as possible, comers 
rounded, and angles filled up. 

Externally fired boilers are frequently set with flash flues, 
i. e. the gases pass directly from furnace, over the bridge, 
and along bottom of boiler, to chimney. Boilers should be 
set with a fall of about 1 in 200 or ^ inch per foot towards 
front. 

184. SiZB OF Faotoby Ohimnet fob Boilebs. 

W = weight of coal burnt in lbs. per hour. 
A = area of chimney in square feet at top. 
H = height of chimney in feet 

14 VH x*^v^ ^ Vl4A/ 

Chimney for single boiler, area = ^ fire-grate. 

Do. under 160 feet high I _ i 

for more than one j » ~ tt) n 

Do. over 150 feet high do. „ =s-jV w 

. ^ , . . . - lbs. coal per hour x 12 
Area of chimney in square mches = /Vi lif f t * 

— Bourne. 

Area of chimney usually ^ area of fire-grate and 40 feet 
high. — Scott Bussell. 

20 square inches area per N.H.P. of engine. 

Height about 20 times internal diameter. 

Flues \ area of fire-grate, diminishing to yV ^^ chimney. 

Height of chimney = 45 feet. 

area fir 6' fifrate 
Area of chimney = ,, . , . ^, ^q --^Ehwich 

^ ^height X 1*68 

Ordinary velocity of gases in chimney shaft = 2*4 ^H. 
Most economical temperature of escaping gases = 600^ 
Fahr. 
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At this temperature the volume of air entering furnace is 
doubled on exit. 

A cubic foot of water requires 10 lbs. coal to evaporate it ; 
10 lbs. coal require 210 lbs. air for complete combustion, = 
say 2760 cubic feet. 

185. Bbioe Ohimnet-shafts. 

The bond usually adopted is 1 course of headers to 4 of 
stretchers. 

Up to 120 feet high the top length is generally one brick 
thick ; above that height, top length 1^ brick thick. 

Height of any length of uniform section should not 
exceed 90 feet, and should be less in thin sections. 

Outside diameter at ground line should pot be less than 
^th the height. 

45 feet is an ordinary height for two steam boilers, but in 
some towns, as Manchester and Leeds, the minimum height 
allowed is 90 feet. 

186. Sba-watbb. 

Proportion of salt in water of open sea, 32 to 38 parts per 
1000; Red Sea 43, Baltic Q'6, ^Black Sea 21, Arctic Ocean 
28-5 British Chaimel 36*5, Mediterranean 38. — Ure. 

Average specific gravity of sea-water 1 * 027, pure distilled 
water being 1. Salts contained per 1000 : Chloride of Sodium 
25 parts, Muriate of magnesia 3, Sulphate of magnesia 2, 
Sulphate of lime 1, others 1, — total 32. — Faraday, 

Weight of one cubic foot, about 64 '14 lbs. 

187. BoiLBfi Inoeustatiow. 

Order of deposition of impurities as water becomes concen- 
trated: 

1. Carbonate of lime. 

2. Sulphate of lime. 
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3. Salts of iron, as bases or oxides, and some of these 
of magnesia. 

4. The silica or alomina, nsoally with more or less of 
organic matter. 

5. Common salt. — M. GousU. 

188. To Galculatb Size of Boiler. 

Say Cornish boiler for high-pressure engine : 
d = diameter of cylinder in inches. 
8 = stroke in inches. 
B = revolutions per minute, 
r = ratio of cut-off. 

p = boiler pressure, lbs. per square inch by gatige. 
n = number of cylinders. 

S = cubic feet steam required per hour, allowing 25 per 
cent, for contingencies. 

S = 1-25 (f ^ ar 2 n B 60 = say 120^2 am B. 

t; = relative volume of steam at p pressure. 
W = weight of water to be evaporated in lbs. per hour. 

c = combustion of coal in lbs. per square foot fire-grate 
per hour, say for Cornish boiler = 12 lbs. 

e = evaporation in lbs. of water from 60° Fahr. per lb. 
of coal, say for Cornish boiler = 7 lbs. 

c X e = lbs. water evaporated per square foot fire-grate 
per hour. 

A = area of fire-grate in square feet. 

ce 

I = length of fire-grate in feet, say 4 • 5 to 6 • 5. 
w = width „ „ „ 

A 

to= 'J-+ '166. 
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D = diameter <)f boiler shell = 2w. 
L = length of „ =4 D. 

When w exceeds 3*25, make two Cornish boilers or one 
Lancashire. 
For latter, D = 2}^ w (w being width of one furnace). 

189. To Caloitlatb Safety-valve Letesage. 

a = area of valve in square inches. 

p = gauge pressure in lbs. per square inch. 

W= weight on end of lever in lbs. 

w = weight of lever in lbs. 

to' = weight of valve in lbs. 

L = distance between weight and fulcrum in inches. 

g = do. centre of gravity of lever and do. 

I = do. valve centre and do. 

«£+WL ".i + WL 

^ a p 

« 

190. Ultimate Strength of Boileb-shell. 
Longitudinal strength : 

p dl = 2 1 1 c .\ p d = 2 t c. 
^-2<c * pd 

Transverse strength : 

p-^ = ir{t + d)tc. 



divide by ^-> then 
a 



4'ii+')"-- 
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t 

but -T- will rarely exceed ' 01, and may therefore be omitted. 
a 

d ^ 4<c ^ pd t 

or the transTerse strength is donble the longitudinal. 

191. GoLLAPSiNO Pbessube of Boilbb-tubes. 
Length not exceeding 1& diameters. 
Cylindrical : 

p = 83-61 X (^iJ2|r! —Faiihaim. 

Xj a 

or logp = 1-5266 + 2-19 log. lOOt - logLci; 
or approximately, 

800,000 <2 
^ = — L d— • 

EUiptiodl : 

800,000/3 _,. -- .. 

p = — T /^ X » *■ = radius of flatter curve. 
L(2r) 

^ 800,000/3 ^ 2D3. T. , XI. . ^. X 

P = ^T X — J- Da are toe two diameters 

Jj a 

in inches. 

192. boilebs — cobifabibon between bubstieo and 

Collapsing Pbessubes. 

P = internal or bursting pressure in lbs. per square inch. 
p = external or collapsing „ „ „ 

c = ultimate strength of single rivetted joint = say 
30,000 lbs. 

I = length of unsupported cylindrical tube in feet. 
I) = diameter of boiler in inches. 
d =^ „ tube „ 

T = thickness of shell plate in inches. 

t = „ tube „ „ 
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d 

B = ratio of tube diameter to shell diameter = |^* 

2Tc_ 60,000 T 
D " D ' 
800,000 P 



P = 



Id 
P 60,000 TZdf TZE 



p 800,000 <2D 13-3 f 

13-3 «■ 



.• . When P = !>, then I = 



RT 



193. Faotob of Safbty, Steam Boilebs. 

Test pressure = i ultimate strength. 
Working pressure, if under periodical inspection, = ^ do. 
Working pressure, if not under independent inspection, 
= ido. 

194. Testing Boilebs. 

Chvemment Yards. — New boilers to be tested to three times 
their working pressure. Boilers in use not to be worked 
more than 300 hours without being laid off for examination. 
To be tested periodically to twice their working pressure. 

Best private practice. — ^New boilers to be tested to twice 
their working pressure. Boilers in use not to be worked 
more than 1000 hours without being laid off for examination. 
To be tested after repairs to 1^ times their working 
pressure. 

195. Duty of Engines. 

s = Standard of comparison in lbs : = 
Cwt. any coal .. .. 112 lbs. 
Bushel Welsh coal .. 94 „ 
„ Newcastle coal.. 84 „ 
w = lbs. wt. coal burnt per I.H.P. per hour, 
n = no. of cwts. or bushels burnt per hour. 

a 
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Duty in ft.-lb8. per standard = ^^'^' ^ ^'^^ ^ ^^. 

n 

jy _ 83,000 X 60 X g 



Dnty in million ft-lbs. per owt. = 



to 
221-76 



w 

ComiBh duty : 

g = gallons of water pnmped per hour. 
/ = feet lift of water pumped. 

Duty = 10^. 

fl 

196. Stbam Pipbs. 

Thickness between 2'' and 12" diameter and np to 70 lbs. 
boiler pressure, cast iron, 

d + ^ = tia -^eths of an inch ; 

for exhaust steam, suction, and ordinary low pressure pipes, 
cast iron, 

d -|- 10 = < in ^nds of an inch. 



PAKT VL 
HYDRAULIC MACHINERY. 

197. SUMBIABT OF HtDRAULIOS. 

The quantities discharged from different apertures of simi- 
lar character vary directly as the areas, and as V altitudes. 
On account of friction, a smaU orifice discharges propor- 
tionally less water ; and of several orifices having the same 
area, that with the smallest perimeter discharges most : hence 
a circular orifice is the most advantageous. 



I 
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Water issuing from a circular aperture is contracted at 

IBossnt '666 
Venturi '631 
Eytelwein-64 

in area, called '* vena contracta." Vein contracts more with 

greater head, therefore discharge slightly diminished below 

theoretical discharge due to altitude. 

The discharge through a tube of diameter = length is the 
same as through simple orifice of equal diameter. The dis- 
charge increases up to a length of 4 diameters. 

The discharges through horizontal conduit pipes are 

directly as the altitudes and inversely as jj length. To have 
perceptible and continuous discharge, head must not be less 

than ^ . Vertical bends discharge less water than hori- 

zontal, and horizontal bends less than straight pipes. 

In prismatic vessels twice as much is discharged from the 
same orifice if the vessel be kept full, during the time it 
would take to empty itself. 

198. compabison of discharge through various 

Apertures. 

Theoretical velocity in feet per second = ^ Head in ft. X 2 g. 

Theoretical discharge being 1-, 
Short tube projecting into reservoir = • 5. 
Orifice in thin plate, 1" diameter = "^62. 
Tube 2 diameters long = * 82. 

Gonical tube approaching form of contracted vein = '^92. 
Do. edges rounded off = • 98. 

199. Useful Numbers in connection with Water. 

A standard or imperial gallon of water was formerly 

277*274 cubic inches, is now 10 lbs. avoirdupois at 62^Fahr. 

and 30" bar. = 277-123 cubic inches or -160372 cubic 

feet. — Cop/. JEf. M, Shaw. 

o 2 



84 
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Cubic feet per minute x 9000 = gallons per 24 hours. 

Head in feet X *484 = lbs. per square inch. 

Lbs. per square inch X 2*3 = foot-head. 

Tons X 224 = gallons. 

Diameter inches' -r 10 = gallons per yard. 



200. DiBCHABOE THBOuaH FiPES rsoM Natubal Head. 





d. 


c 


d. 


c. 


H = head of wator in ft 

L = length of pipe in ft 

d = diam. of pipe in inches . . 

e = constant (see Table) 
W = cub. ft discharged per min. 
c 


1 

u 
li 

2 

2J 

3 

4 

5 

6 


4-71 

8-48 

13-02 

26-69 

46-67 

73-50 

151-02 

263-87 

416*54 


7 
8 
9 
10 
12 
15 
18 
24 
SO 


612-32 
854-99 
1147-61 
1493-47 
2356 00 
4115-93 


^ H 


6493*14 
13328-0 
23282-0 



— Beardmore, 

10 to 12 feet head is absorbed in friction per mile of 
pipe. — Bateman. 

201. Hydbaulio Pbessube Aooumitlatob, 

Invented ' by Sir W. G. Armstrong in 1850, consists of 
vertical cylinder and ram, to the crosshead of which a load 
of 20 to 120 tons is hung to create the pressure necessary for 
working the machinery, obviating the use of a high tower 
giving a natural head of wlater. 

The load is usually contained in a cylindrical casing. 
Clean washed heavy Thames ballast weighing 27 cwt. per 
cubic yard is the cheapest and best procurable in London. 
Where convenient, railway ballast may be used. Iron slag 
is sometimes used : it has the advantage of weight, and there- 
fore occupies less space, but is expensive and very awkward 
to handle. Oopper ore slag is not suitable, owing to the 



NOTES IN MECHANICAL ENGINEBRINa. 85 

galvanic action set np. Water has been nsed for ballast 
where the pressure is required to be varied occasionally. 
Olay has also been used in its natural state, but is better 
when burnt. Iron kentledge, brickwork, cast-iron blocks 
and direct steam pressure have also been used by various 
manufacturers for producing the load. 

202. Pbbssube in Pipe-Mains. 

Working pressure averages 700 lbs. per square inch when 
given by Accumulator, but may be from 350 lbs. to 1000 lbs. 

700 lbs. per square inch = 549*78 lbs. per circular inch, 
equivalent to 1613*2 feelr-head. 

All pipes subject to the Accumulator pressure to be tested 
to 2,500 lbs. per square inch before leaving the works, and 
to 2000 lbs. per square inch after being laid. 

Water companies' pipes to be tested with a pressure equal 
to 500 feet-head, and while under pressure to be sounded 
from end to end with a 5-lb. hammer 

Pressure in water companies' mains is at maximum between 
2 and 3 a.m., minimum 6 a.m. to 6 p.m., variation say from 10 
to 60 lbs. per square inch. 

203. VAMATioiif or Aooumulatob Pbbssube due to wobking 

OF Maohineby. 

Normal pressure, say 700 lbs. per square inch. Average 
variation, from 50 lbs. below to 100 lbs. above the normal 
pressure. Maximum variation, 250 lbs. above and below, but 
this only occurs on a long line of pipe where the Accumulator 
is at some distance from the machine. 

204. Fbiotion of Aogumulatobs. 

P = pressure in lbs. per square inch taken at half stroke, 

Accumulator rising slowly^ 
I? = pressure in lbs. per square inch, Accumulator flEJling 
slowly. 
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/ = friotion of ram in lbs. per sqnare mch. 

^ 2 

At the Marseilles Docks the friction of a 17-inch Accn- 
mulator amounted to 7* 365 lbs. per sqnare inch, or not quite 
1 per cent, of the gross load. — 'ELawihom. 

At Scottish Wharf the friction of a 17-ineh Aocnmulator 
was 10 lbs. per square inch. 

206. AlB ACOUMULATOBS. 

W = working capacity in cubic feet of water. 

= mean capacity for air in cubic feet. 

a = cubic feet air required at atmospheric pressure to 

charge Accumulator. 
I> = mean pressure in lbs. per square inch. 



P = marimnm „ 
F' = minimum „ 



9> »> 



2C ^20 

FW ^p 

^= 2(p-F) ^ = ^16' 

May be proportioned as follows : — 

D = inside diameter in feet. 
L s= inside length in feet. 

D = ^ ' 4244 W L = 11 D C = 3 W. 

Total capacity divided thus : — 

Air under maximum pressure .. .. = ^ 
Water „ ^j .. .. ^ -g-j 

Margin from level of outlet to lowest 

water level = ^V 

If jp = 700, then P = 840 and P' = 600. 
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206. Velocity of Watbb thbough Pipes and Valves. 

With an Accnmnlator pressure of 700 lbs. per square inch, 
the natural yelocitj (theoretical) is 322 * 32 feet per second. It 
is found in practice that not more than ^th of this can be 
obtained through the pipes and ^rd through the valves, in 
order to maintain the proper speed of the machinery. The 
loss from friction in the pipes is about 1 lb. per square inch 
per 100 feet length, after they have been laid some time. 

In order to allow for the furring-up of the small pipes, it 
is not safe to reckon upon more than three times the dia- 
meter of pipe in inches as the velocity obtainable in feet per 
second. It is also usual to calculate the velocity through 
the valves at not more than 98 feet per second. 

207. Delivebt op Watbb in Pipes. 

V = velocity in feet per second through pipe. 
a = area of pipe in square inches. 
d = diameter of pipes in inches. 
W = discharge in cubic feet per minute. 



va 



^ vu> 2-4W ^ 2-4W 

W = V = a = 

2*4 a V 



Approximately : 

w ^d^ 3W 

3 d^ 



= /3W 



208. TmoENESS of Htdbaxjlio Pipes. 

For Accumulator pressure of 700 lbs. per square inch : 
Inside diameter in inches -|- 2 = thickness of metal in -^ths. 
Filling pipes made by local firms, -^ inch thicker. 
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209. Strain allowxd ok WBonaHT Ibon in Htdbaulio 

Cbanbs. 

Tons per square inch. 
Tension. Compression. 

Ballast and ooaling cranes .. 2^ 1 

Warehouse and other cranes lifting 

from 1 to 5 tons 8 ' 2 

Oranes lifting more than 6 tons t • 3j^ 3 

210. Effectiyb Fbbssubb fob Htdbattlio Cbakbs and 

Hoists. 

p = Accnmnlator pressure in lbs. per square inch, 
m s ratio of multiplying power. 

E = effectiye pressure in lbs. per square inch, including 
all allowances for friction. 

E =|>(*84- -02 to), 

211. Spxed of Lifting with Htdbaulio Power. 

Warehouse cranes and jiggers, 6 feet per second. 
Platform cranes and small luggage lif(», 4 feet per second. 
Passenger and waggon hoists, 2 feet per second. 
Maximum speed under any droumstanceSy 10 feet per 
second. 

Warehouse cranes, other formulaB. 

W = load in tons. 
h = height of lift in feet. 
V = Telocity in feet per second. 

9 = - i;=:10-80^. 

W + 10 h 

212. LiFTiNO Eams fob Htdbaulio Cbanes. 

W = load to be lifted in lbs. 
to = weight of ram, crosshead, sheaves, and chain. 
I = height of lift in feet. 
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t» = mxQtiplying power, 
c = coefficient of effect = "84 — • 02 w. 
a = area of ram in sqnare inches. 
8 = stroke of ram in inches. 
p = Accnmnlator pressure in lbs. per square inch. 
C = capacity of cylinder in cubic feet. 

For horizontal cylinders : 

Wm ri Wi 

a = \j = 



pC 14:4 J? O' 

For vertical cylinders : 

Wm + w ri WZ + tc« 
a = iy z= ____ . 

p c 144 p c 

For inverted cylinders : 

Wm — w rt WZ — W8 
p c 14Ap c 

213. TuBNiNQ Bams fob Hydsaulio Cbanbs. 

W = load in tons. 
B = rake in feet. 

I = length between bearings in feet, 

d = diameter of turning drum in feet. 

p = Accumulator pressure, lbs. per square inch. 

m = multiplying power of turning cylinder (usually 2 
tol). 

a = area of turning ram in square inches. 

Altematiye formulso : — 

_ 120WB'wi _ 8000WBwi 

"^ Idp Idp ' 

..(59063^) -8-8. 
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214. Absab of Valybs fob MAommEBY uin>BB Agoumulatob 

Pbbssubi. 

A = area of lifting ram. 
m = ratio of multiplying power. 
V =: Telocity of load in feet per seoond. 
y = velocity of water through yalye, feet per second. 
W = weight of ram, crosshead, sheaves, chain, &c. in lbs. 
a = area of lifting valve (mitred spindle), 
a* = area of lowering valve (mitred spindle). 

Av , Av 

inY 



a = — T^ a} = 



"*\/^^'^l5 



w 

When cylinder is horizontal, then -— = area of return- 
ing ram. 

215. Abbas of Fobts in Sudb Valves. 

V = velocity of load in feet per second. 
m = ratio of multiplying power. 
A =: area of ram in square inches. 

Av 
Area of pressure port = — - — (opening side, V-shaped). 

yo m 

Area of exhaust port = — — — - . 

^ 98m 

216. DiAPHBAGM Eegttlatob FOB Htdbaulig Maghinxbt. 

When a hydraulic crane or hoist works too quickly, and it 
is desired to reduce the speed to a safe limit, it is usual to 
partially close the stop valve ; but when there is a risk of 
this being interfered with, a brass diaphragm, ^th diameter 
thick and about \ inch at edge, is placed in a pipe joint near 
the working valves. The hole in the diaphragm should be 
tapered, the small side being next to the machine. To find 
size : — 
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A = area of lifting ram, square inches. 
m = ratio of multiplying power. 

8 = speed of lifting chain with full load foot second. 
p = accumulator pressure, lbs. square inch. 

a = area of small side of hole (large side = twice dia- 
meter of small side). 

As 



a = 



6wVl-932j>- -OlGm' 



217. COUNTEBWEIGHTS VOB CbANB ChAINS. 

The overhauling weights should be oval, i. e. egg-shaped, 
with small end on top to avoid catching under beams, &c. 
Hole for chain should be -|^ inch larger than cross section of 
links, and interior should be cored out to ^ inch dear all 
round. The approximate weight of counterbalance required 
aS ^^^th of the load. 

218. Meghanioal Value of Flttids undeb Pbessube. 

U = units of useful work in foot'lbs. 

p = pressure in lbs. per square inch. 

Q = quantity used in cubic feet. 

M = modulus of machine, or coefficient of effect found by 

experiment, and varying with class of machine or 

arrangement. 

U = 144|?QM. 

219. Meghanioal Value of Watbb undeb Aggumulatob 

Pbessube. 

Theoretically the mechanical value of water under Acer, 
pressure of 700 lbs. per square inch (549 * 78, say 550 lbs. 
per circular inch) is 100,800 foot-lbs., or 45 foot-tons per 
cubic foot of water, irrespective of the time in which it is 
consumed ; or 3 * 0545 H.P. per cubic foot per minute ; or 
1 H.P. requires * 32738 cubic feet per minute. 



J 
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Approximately- tJuB equals 1 HJP.from 2 gallons of water ; 
bnt practically, allowing for all losses, about 3^ gallons are 
required, or 4 cubic feet will give out 100 foot-tons in 
work. 

• 

220. POWEB BBQUIBED TO WOBK HtDBATJLIO MaOHINEBY. 

In hotels, wharves, &c., with several machines, allowance 
must be made for f of the machinery working to half the fall 
height every 1^ minute. 

.*. power per minute = f total capacity of machinery. 

At wharf with several cranes, f machinery full lift, every 
1^ minute. 

.*. power per minute = i capacity of machinery. 

At railway goods stations, docks, &c., where many 
machines are idle at one time, say ^ machinery full height, 
every 1^ minute. 

. * . power = i^p capacity of machinery. 

At small wharves where cranes are rapidly worked, all 
machinery, full height, every 1^ minute. 

.*. power = J capacity of machinery. 

221. Packing fob Fobob Pumps. 

Cup-leathera may be single, double, or treble. If single, 
the open end should be turned towards the delivery end of 
the pump. If double, they may be back to back or both 
turned towards delivery end of pump. If treble, two should 
be back to back, and the third put as a duplicate to the one 
turned towards delivery end. In all cases the back of the 
leather should be closely supported by a washer curved to 
the shape of the leather. Double leathers back to back are 
generally used, and last from 2 days to 4 months, average 
say 1 month. Only the middle of the back of best oil-* 
dressed hide is used. 

Sputhyam is sometimes used the same as for glands of 
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hydraulic macliinery generally. It is plaited and formed 
into rings by splicing, soaked in tallow, and screwed up in a 
monld to form solid rings of exact size to fit pnmp. 

Bope is sometimes used in the same way, being selected of 
the exact diameter required. The two latter methods are 
said to last from 4 to 6 months, but there is probably more 
leakage than with leathers. 

222. Effioienot of Pumps and Aooumulatob. 

R = any number of revolutions of engine. 
r = rise of accumulator in inches for same number of 

revolutions. 
D = diameter of accumulator ram in inches. 
d = diameter of pump in inches (piston if double-acting, 

ram if single-acting). 
s = stroke of pump in inches, 
n = number of pumps. 

Loss per cent of working 1 _ 100 {(d*gwR) — (D' — r)} 
capacity of pumps ..J cP 8 n E 

When all parts are in good order, the loss in the pumps 
averages 5 per cent. 

223. PowEB AND Spbbd OF Htdra.ulio Haulino Maghinbs. 

Strain on Hauling Speed, 
Bope. ft. per min. 

Tj ., . (2000 lbs. 180 

Railway capstans .. .. {^240 „ 200 

Barge „ .. .. IJ tons 120 

Ship „ .. .. 2ito5 „ 80 

Railway traversers .. 76 lbs. per ton of load. 

T T_ . r,. 1 375 lbs. per foot width 

Lock gate machines .. •{ . , ^ 

I of entrance. 
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A Pocket-Book for Chemists, Chemical Manufacturers, 

Metallurgists^ Dyers^ Distillers^ Brewers, Sugar Refiners, Photographers, 
Students, etc,, etc. By Thomas Bayley, Assoc. R.C, Sc. Ireland, Ana- 
lytical and Consulting Chemist and Assayer. Third edition, with 
additions, 437 pp., royal 32mo, roan, gilt edges, 5j. 

Synopsis of Contents : 

Atomic Weights and Factors — Useful Data — Chemical Calculations — Rules for Indirect 
Analysis — Weights and Measures — Thermometers and Barometers — Chemical Physics— 
Boiling Points, etc. — Solubility of Substances^Methods 6f Obtaining Specific Gravity — Con- 
version of Hydrometers — Strength of Solutions by Specific Gravity— Analysis— Gas Analysis-* 
Water Analysis— Qualitative Analysis and Reactions— Volumetric Analysis— Manipulation— ^ 
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The Mechanician : A Treatise on the Construction 

and Manipulation of Tools, for the use and instruction of Young Engineers 
and Scientific Amateurs, comprising the Arts of Blacksmithing and Forg- 
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Third edition, 4to, cloth, i&f. 
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Hurst, C.E. Thirteenth edition, royal 32mo, roan, 5^. 
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Bridges — Section IX. Coffeislams, Shoring, and Strutting — Section X. Wooden Bridges 
and Viaducts — Section XI. Joints, Straps^ and other Fastenings— Section XII. Timber. 

Our Factories^ Workshops^ and Warehouses: their 

Sanitary and Fire- Resisting Arrangements. By B. H. Thwaite, Assoc. 
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numerous illustrations and maps^ 1250 pp., super-royal 8vo, cloth, 
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rr.C.S., Fr.I.C. IVith 205 illustrations, 8vo, cloth, 30J. 

Spons^ Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy 8vo, sewed. 

No. I, Ceylon. By Abraham Deane, C.E. 2j. dd. 

Contents : 
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and Machinery. By F. Colyer, M. Inst. C.E. IViiA y. folding plates^ 
8vo, cloth, 24f. 
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F.R.I.B.A. Third edition, fcap. 8vo, cloth, is, 6d, 

Tropical Agriculture ; or, the Culture, Preparation, 

Commerce, and Consumption of the Principal Products of the Vegetable 
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Handbook of Reference for the Colonist, Manufacturer, Merchant, and 
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Value, etc., of the- various Substances obtained from Trees and Plants 
entering into the Husbandry of Tropical and Sub-Tropical Regions. By 
P. L. SiMMONDS. Second edition, revised and improved, 515 pages, 
8vo, cloth, i/. I J. 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Moulding, and containing a Practical Treatise 
upon the Management of Cupolas, and the Melting of Iron. By T. D. 
West, Practical Iron Moulder and Foundry Foreman. Second edition, 
with numerous illustrations ^ xxovfn Svo, cloth, lar. dd. 

The Maintenance of Macadamised Roads. By T. 

CODRINGTON, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales. Svo, cloth, 6j. 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery. By Frederick Colyer, M. Inst. C.E., M. Inst. M.E, 
With T^ plates, Svo, cloth, iSj. 

Pumps and Pumping Machinery. By F. Colyer, 

M.I.C.E., M.I.M.E. With 2^ folding plates, Svo, cloth, I2J. 6d, 

The Municipal and Sanitary Engineer s Handbook. 

By H. Percy Boulnois, Mem. Inst. C.E., Borough Engineer, Ports- 
mouth. With numerous illustrations, demy Svo, cloth, I2J. 6^. 
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The Appointment and Duties of the Town Surveyor— Traffic— Macadamised Roadways- 
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— Footpaths — Kerbs and Gutters — Street Naming and Numbering— Street Lighting — Sewer- 
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Mechanic of the ObouchofT Steel Works, St Petersburg; translated by 
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A Treatise on the Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of I^reserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Brixton, late Surveyor to the Metropolitan Board of Works, 
et&, etc With 10 plates^ crown 8vo, cloth, 71. td. 

Metrical Tables. By G. L. Molesworth, M.I.C.E. 

32mo, cloth, ij. 6^. 
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General— Liocar Measures— Square Measures— Cubic Measures— Measures of Capacity — 
Weights— Combinations— Thermometers* 

Elements of Construction for Electro-Magnets. By 

Count Th. Du Moncel, Mem. de Tlnstitut de France. Translated from 
the French by C. J. Wharton. Crown 8vo, cloth, 4J. (id. 

Electro 'Telegraphy. By Frederick S. Beechey, 

Telegraph Engineer. A Book for Beginners. Illustrated* Fcap. 8vo, 
sewed, 6^. 

Handrailing : by the Square Cut. By John Jones, 

Staircase Builder. Fourth edition, with seven plates, 8vo, cloth, y, 6d, 

Handrailing: by the Square Cut. By John Jones, 

Staircase Builder. Part Second, with eight plates, 8vo, cloth, 3^. 6d, 

Practical Electrical Units Popularly Explained, with 

numerous illustrations and Remarks. By JAMES SwiNBURNE, late of 
J. W. Swan and Co., Paris, I'ateiof Brush-Swan Electric Light Company, 
U.S.A. i8mo, cloth, \s, 6d. 

PhilippReis, Inventor of the Telephone: A Biographical 

Sketch. With Documentary Testimony, Translations of. the Original 
Papers of the Inventor, &c. By Silvan us P. Thompson, B. A., Dr. Sc., 
Professor of Experimental Physics in University College, Bristol. With 
illustrations^ 8vo, cloth, 7j. 6^. 
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A Pocket-Book of Useful Formulae and Memoranda 

for Civil and Mechanical Engineers, By Guilford L. Molesworth, 
Mem. Inst. C.E., Consulting Engineer to the Government of India for 
State Railways. With numerous illustrations, 744 pp. Twenty-first 
edition, revised and enlarged, 32mo, roan, 6^. 

Synopsis of Contents; 

Surveying, Levelling, etc. — Strength and Weight of Materials— Earthvirork, Brickwork, 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses — Flooring, Roofing, and Roof 
Trusses— Girders, Bridges, etc. — Railways and Roads— Hydraulic Formulae— Cansds, Sewers, 
Waterworks, Docks — Irrigation and Breakwaters — Gas, Ventilation, and Warming— Heat, 
Light, Colour, and Sound — Gravity: Centres, Forces, and Powers — Millwork, Teeth of 
Wheels, Shafting, etc.— Workshop Recipes — Sundry Machinery— Animal Power— Steam and 
the Steam Engine— Water-power, Water-wheels, Turbines, etc. — ^Wind and Windmills — 
Steam Navigation, Ship Building, Tonnage, etc. — Gunnery, Projectiles, etc.— Weights, 
Measures, and Moneys— Trigonometry, Conic Sections, and Curves— Telegraphy — Mensura- 
tion—Tables of Areas and Circumference, and Arcs of Circles — Logarithms, Square and 
Cube Roots, Powers — Reciprocals, etc. — Useful Numbers— Differential and Integral Calcu- 
lus—Algebraic Signs — ^Telegraphic Construction and Formulae. 

• 

Spons Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of * Architectural 
Surveyors' Handbook,' * Hurst's Tredgold's Cai-pentry, * etc. Fifth edition, 
64mo, roan, gilt edges, \s,\ or in cloth case, \s, 6d. 

^ This work is printed in a pearl type, and is so small, measuring only ai in. by zf in. by 
i in. thick, that it may be easuy carried in the waistcoat pocket. 

** It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but ai in. by if in., yet these dimensions faithfully represent the size of the handv 
little book before us. The volume— which contains zi8 printed pages, besides a few blank 
pages for memoranda— is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat pocket, and containing a far greater amount and variety of information than most people 

would imagine could be compressed into so small a space The little volume has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion."— £«(if»i/mi^. 
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Hydrodynamics. By James Emerson. With numerous illustrations, 
360 pp. Third edition, crown 8vo, cloth, 4J. 6d, 

Electricity as a Motive Power. By Count Th. Du 

MoNCEL, kembre de Tlnstitut de France, and Frank Geraldy, Inge- 
nieur des Fonts et Chaus^es. Translated and Edited, with Additions, by 
C. J. Wharton, Assoc. Soc. TeL Eng. and Elec. With 113 engravings 
and diagrams, crown 8vo, cloth, yj. 65. 
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The Gas Analyst's Manual. By F, W. Hartley, 

Assoc. Inst. C.E., etc. With numerous illustrations,. Crown 8vo, 
cloth, dr. 

Gas Measurement and Gas Meter Testing, By 

F. W. Hartley. Fourth edition, revised and extended. Illustrated^ 
crown 8vo, cloth, 4j. 

The French 'Polisher's Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Fainting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6^. 

Hops, their Cultivation^ Commerce, and Uses in 

various Countries, By P. L. SiMMONDS. Crown 8vo, cloth, 4J. 6d, 

A Practical Treatise on the Manufacture and Distri- 

hution of Coal Gas, By William Richards. Demy 4to, with numerous 
•wood engravings and 29 plates, cloth, 28J'. 

Synopsis of Contents : 

Introduction — History of Gas Lighting — Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S. — Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrs.— Retorts, Iron and Clay — Retort Setting — Hydraulic^ Main — Con- 
densers— Exnausters— Washers and Scrubbers— Purifiers— Purification — History of Gas 
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Mains — Gas Mathematics, or Formula for the Distribution of Gas, by Lewis Thompson, Esq.— 
Services — Consumers' Meters — Regulators— Burners— Fittings — Photometer— Carburization 
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Analyses of Gas— Influence of Atmospheric Pressure and Temperature on Gas— Residual 
Products— Appendix— Description of Retort Settings, Buildings, etc., etc. 

Practical Geometry^ Perspective^ and Engineering 

Drawing; a Course of Descriptive Geometry adapted to the Require- 
ments of the £ngineering?Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading Shade-lining, 
etc., together with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter } 

on drawing Instruments By George S. Clarke, Capt. R.E. Second I 

edition, with 21 plates, 2 vols., cloth, los. 6d, 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations, crown 8vo, cloth, ^s. 

The Principles of Graphic Statics, By George 

Sydenham Clarke, Capt. Royal Engineers. With 112 illustrations, 
4to, cloth, I2s, 6d, 
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The New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. Kutter. Translated from articles in 
the * Cultur-Ingenieur,* by Lowis D'A. Jackson, Assoc. Inst. C.E. 
8vo, cloth, I2J. td. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Fifth edition, 
numerous plates^ post 8vo, cloth, 5j. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Wdterwheels, specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
II plates. Second edition, revised and enlarged, small 4to, cloth, I2J. 6d, 

Aid Book to Engineering Enterprise Abroad. By 

EwiNG Matheson, M. Inst. C.E. The book treats of Public Works 
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accomplishment ; and of the economical and technical considerations by 
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The Essential Elements of Practical Mechanics; 

based on the Principle of Wbrk, designed for Engineering Students. By 
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Engineers. Third edition, with 148 wood engravings, post 8vo, cloth, 
*js. 6d. 
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The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
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By Thomas Dixon. Fourth edition, i2mo, cloth, 3J. 

Breweries and Mattings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E., 
M.I.M.E. IVith 20 plates, 8vo, cloth, iSs. 

A Practical Treatise on the Manufacture of Starch, 

Glucose, Starch-Sugar, and Dextrine, based on the German of L. Von 
Wagner, Professor in the Royal Technical School, Buda Pesth, and 
other authorities. By Julius. Frankel ; edited by Robert Hutter, 
proprietor of the Philadelphia Starch Works, l^ith 58 illustrations, 
344 pp., 8vo, cloth, i&f. 
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A Practical Treatise on Mill-gearings Wheels^ Shafts^ 

Jiiggerst «^. ; for the use of Engineers. By THOMAS Box. Third 
edition, wi4k ii plates. Crown 8vo, doth, *js, 6d, 

Mining Machinery: b. Descriptive Treatise on the 

Machinery, Toob, and other Appliances used in Mining. By G. G. 
Andrb, F.G.S., Assoc. Inst C.E., Mem. of the Society of Engineers. 
Royal 4to, uniiorm with the Author's Treatise on CoaJ Mining, con- 
taining 182 plaUs, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. I2J. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting->Ventilation— Pumping— 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron, 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railways^ CanalSy 

Roads ^ etc, J varying from a radius of five chains to three mUes. By A. 
Kennedy and R. W. Hackwood. Illustrated^ 32mo, cloth, 2J. dd. 

The Science and Art of the Manufacture of Portland 

Cement^ with observations on some of its constructive applications. With 
66 illustrations. By Henry Reid, C.E., Author of *A Practical 
Treatise on Concrete,' etc., etc. 8vo, cloth, i8j. 

The Draughtsman s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text^ and 33 plates {15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst C.E. 4to, cloth, 9X, 

Contents : 

The DraMring Office and its Furnishings — Geometrical Problems — Lines, Dots, and their 




The Boiler-maker s andiron Ship-builders Companion^ 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of ' Mechanical Tables,' etc. Second edition revised, with iltustra" 
tionSf crown 3vo, cloth, $s. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andris, 
F.G.S., Assoc. Inst. C.E. With 56 illustrations and 12 plates, 8vo, cloth, 
los. 6d, 

Surcharged and different Forms of Retaining Walls. 

By J. S. Tate. Illustrated, 8vo, sewed, zs. 
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A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 31. 

LaxtofCs Builders' afid Contractors' Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5^. 

Laxtons Builders and Contractors' Tables, Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 5x. 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts^ 8vo, cloth, i/. lor." 

Screw Cutting Tables for Engineers and Machinists, 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Cloth, oblong, 2j. 

Screw Cutting Tables, for the use of Mechanical 

Engineers^ showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W, A. Martin, Engineer. 
Second edition, oblong, cloth, u., or sewed, dd, 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Constrtution^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, 6x. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d, 

A Handbook of House Sanitation ; for the use of all 

persons seeking a Healthy Home. A reprint of those portions of Mr. 
Bailey-Denton's Lectures on Sanitary Engineering, given before the 
School of Military Engineering, which related to the "Dwelling," 
enlarged and revised by his Son, E. F. Bailey-Denton, C.E., B.A. 
With 140 illustrations, 8vo, cloth, 8x. 6^. 
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A Glossary of Terms used in Coal Mining. By 

William Stukeley Gresley, Assoc. Mem. Inst. C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. lUttstrated with 
numerous woodcuts and diagrams^ crown 8vo, cloth, 5j. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 5^. 

The Strains upon Bridge Girders and Roof Trusses, 

including the Warren, Lattice, Trellis, Bowstring, and other Forms of 
Girders, the Curved Roof, and Simple and Compound Trusses. By 
Thos. Cargill, C.E.B.A.T., CD., Assoc. Inst. C.E., Member of the 
Society of Engineers. With 64 illustrations, drawn and worked out to scale, 
8vo, cloth, 125, 6d, 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and 96 plates, in one Volume, hafSf-bound morocco, 2/. 2J-. ; 
or cheaper edition, cloth, 25^. 

This work is not, in any sense, an elementary treatise, or history of die steam engine, but 
is intended to describe examples of Fixed Steam £nf;ines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. ^ The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Pbton-rods, Connecting- 
rods, Cross'heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearine will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

Barlow s Tables of Squares, Cubes, Square Roots, 

Cube Roots, Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
doth, ds, 

Camus {M.) Treatise on the Teeth of Wheels, demon- 
strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
their numbers. Translated from the French, with details of the present 
practice of Millwrights, Engine Makers, and other Machinists, by 
Isaac Hawkins. Third edition, with iZ plates, 8vo, cloth, 5j. 
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A Practical Treatise on tJu Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities, etc., with a 
general description of the severjd Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. Third edition, .41 plates 
with illustrations and tables, royal 8vo, cloth, I2s, 6d, 

Principal Contents : 

^ Part I. Introduction and the Principles of Geometry. Part 2. Land Surveying ; com- 
prising General Observations— The Cham — Offsets Surveying by the Chain only — Surveying 
Hilly Ground — ^To Survey an Estate or Parish by the Chain only — Surveying with the 
Theodolite — Mining and Town Surveying — Railroad Surveying — Mapping— Division and 
Laying out of Land — Observations on Enclosures — Plane Trigonometry. Part 3. Levelling— 
Simple and Compound LevcUing^The Level Book — Parliamentary Plan and Section — 
Levelling with a Theodolite — Gradients — ^Wooden Curves — ^To Lay out a Railway Curve — 
Setting out Widths. Part 4.^ Calculating Quantities generally for Estimates — Cuttings and 
Embankments — ^Tunnels—Brickwork — Ironwork — ^Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting — The Improved Dumpy LeveJ— Troughton's 
Level — The Prismatic Compass — Proportional Compass — Box Sextant— Vernier — Panta- 
graph — Merrett's Improved Quadrant — Improved Computation Scale—The Diagonal Scale — 
Straight Edge and Sector. Fart 6. Logarithms of Numbers — Logarithmic Sines and 
CorSines, Tangents and Co-Tangents — Natural Sines and Co-Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc, etc., etc. 

Saws: the History, Development^ Action^ Classifica- 

tion, and Comparison of Saws of all kinds. By Robert Grimshaw. 
iVith 220 illustrations, 410, cloth, I2J. 6d, 

A Supplement to the above ; containing additional 

practical matter, more especially relating to the forms of Saw Teeth for 
special material and conditions, and to the behaviour of Saws under 
particular conditions. With 120 illustrations, cloth, 9^. 

A Guide for the Electric Testing of Telegraph Cables. 

By Capt. V. Hoskicer, Royal Danish Engineers. With illustrations, 
second edition, crown 8vo, cloth, 4^. 6</. 

Laying and Repairing Electric Telegraph Cables. By 

Capt V. Hoskicer, Royal Danish Engineers. Crown 8vo, cloth, 
2fS, 6d. 

A Pocket-Book of Practical Rules for the Proportions 

of Modern Engines and Boilers for Land and Marine purposes. By N. P. 
Burgh. Seventh edition, royal 32mo, roan, 4^. dd. 

Table of Logarithms of the Naturae Numbers, from 

I to 108,000. By Charles Babbage, Esq., M.A. Stereotyped edition, 
royal 8vo, cloth, yj. dd. 

To ensure the correctness of these Tables of Logarithms, they were compared with Callett's, 
Vega's, Hutton's, Briggs', Gardiner's, and Taylor s Tables of Logarithms, and carefully read 
by nine different readers ; and further, to remove any possibility of an error remaining, the 
stereotyped sheets were hung up in the Hall at Cambridge University, and a reward offered 
to anyone who could find an inaccuracy. So correct are these Tables, that since their first 
issue in X837 no error has been discovered. 
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The Steam Engine considered as a Heat Engine : 3, 

Treatise on the Theory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
F.R.S., Professor of Applied Mechanics in the Royal Naval College. 
8vo, cloth, I2s. 6d, 

The Practice of Hand Turning in Wood, Ivory, Shell, 

etc., with Instructions for Turning such Work in Metal as may be reqtdred 
in the Practice of Turning in Wood, Ivory, etc ; also an Appen<£x on 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Third edition, with wood engravings, crown 8vo, cloth, 6j. 

Contents : 

On Lathes— Turning Tools— Turning Wood— Drillin^Scre^ Cutting^Miscellaneous 
Appmratus and IVocesses— Turning Particular Forms— Stainin^^Polishing— Spinning Metals 
— Materials- "Ornamental Turning, etc. 

Health and Comfort in House Building, or Ventila- 
tion with Warm Air hy Self-Acting Suction Power, with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, with plates, demy 8vo, cloth, 7^. 6^^. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations, crown 
8vo, cloth, ds, 6d. 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools — ^Time— Historical Sum- 
inary— On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trains, etc.— Of Dial Wheels, or Motion Work-^Length of Time of Going without Winding 
up — The Verge — The Horizontal— The Duplex— The Lever — The Chronometer — Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring— Compensation — Jewelling of 
Pivot Holes — Clerkenwell — Fallacies of the Trade-»Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem. Inst, M.E., 
Mem. Inst. C.E., Mem. Soc of Engineers. Crown 8vo, cloth, 2x. 6^/. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of * A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown Svo, cloth, zs, 6d, 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity- 
Positive and Negative Quantities — Multiplication— Involution— Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — Logarithms — Tables of Loearithms 
and Proportionate Parts — Transformation of System of Logarithms — Common IJses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem— Division, 
Fractions, and Ratio — Continued Proportion'— The Series and the Summation of the Series- 
Limit of Series— Square and Cube Roots— Equations— List of Formulae, etc. 



